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Ar gument s f or an i nvol vement of bact er i a i n t he pat hogenesi s of chr oni c j oi nt i nf l am-

mat i on ( ar t hr i t i s) ar e sever al ( 1- 12) . To st udy t he pat hogenet i c mechani smof bact er i um-

i nduced st er i l e ar t hr i t i s, di f f er ent ani mal model s ar e used, among whi ch, Mycobac-

t er i um t uber cul osi s- i nduced or adj uvant ar t hr i t i s ( AA) t ( 2) and st r ept ococcal cel l wal l

( SCW) - i nduced ar t hr i t i s ( 1) ar e t he best known . I n bot h model s, bact er i um- speci f i c

T l ymphocyt es have been demonst r at ed t o pl ay a cr uci al r ol e ( 13- 24, and van den

Br oek, M. F, M. C. J . van Br uggen, A. J . Sever i j nen, and WB. van den Ber g,

manuscr i pt submi t t ed f or publ i cat i on) , and one aspect of t hi s r ol e mi ght be t he cr oss-

r eact i ve nat ur e of t hese T l ymphocyt es t o car t i l age- associ at ed component s ( 22, 25) .

I n AA i t i s a wel l known f act t hat r at s t hat have r ecover ed f r omar t hr i t i s ar e r esi s-

t ant t o a subsequent i nduct i on of AA ( 17, 18) , and i t has been demonst r at ed r ecent l y

t hat pr et r eat ment of r at s wi t h t he mycobact er i al 65- kD pr ot ei n r esul t ed i n t he same

r esi st ance t o AA when t est ed 35 d l at er ( 13) . Si nce t he 65- kD pr ot ei n i s an ubi qui -

t ous bact er i al common ant i gen ( 26) , wi t h a homol ogous mol ecul e pr esent al so i n

st r ept ococci , and pr obabl y even associ at ed wi t h cel l wal l s ( 27) , we t est ed t he ef f ect s

of pr et r eat ment wi t h t he mycobact er i a165- kD pr ot ei n on t he devel opment of SCW

ar t hr i t i s .

Her e we show t hat i nt r aper i t oneal admi ni st r at i on of 50 l Ag 65- kD pr ot ei n t o r at s

35, 25, 15, or even as shor t as 5 d bef or e i nduct i on of SCWar t hr i t i s compl et el y

pr ot ect ed t he r at s agai nst t he chr oni c er osi ve pol yar t hr i t i s . The r esi st ance agai nst

SCWar t hr i t i s i s t r ansf er r abl e by spl een T cel l s t o nai ve r eci pi ent s . The pr ot ect i on

coi nci des wi t h a suppr essi on of SCW- speci f i c T cel l r esponses, t hus di spl ayi ng f ea-

t ur es much al i ke suppr essi on or t ol er ance l eadi ng t o r esi st ance i n ot her model s f or

aut oi mmune di seases ( 28- 31) .

Thi s wor k was suppor t ed by de Neder l andse Ver eni gi ng voor Reumabest r i j di ng ( Dut ch League Agai nst

Rheumat i sm) . Addr ess cor r espondence t o Mar i es F. van den Br oek, Depar t ment of Rheumat ol ogy,

Uni ver si t y Hospi t al Ni j megen, Geer t Gr oot epl ei n zui d 8, 6525 GA Ni j megen, The Net her l ands .
I Abbr evi at i ons used i n t hi s paper : AA, adj uvant ar t hr i t i s; dm, dut ch modi f i cat i on ; DTH, del ayed- t ype

hyper sensi t i vi t y ; SCWst r ept ococcal cel l wal l ; " Tc,
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Mat er i al s and Met hods

Rat s .

	

Femal e Lewi s r at s wer e obt ai ned f r om t he Zent r al I nst i t ut f ur Ver suchst i er zucht

( Hannover , FRG) . The r at s wer e housed i n our ani mal l abor at or y and wer e f ed a st andar d

di et and t ap wat er ad l i b . Rat s wei ghed 100- 125 g at t he st ar t of t he exper i ment s .

SCW.

	

St r ept ococcus pyr ogenes T12 or gani sms wer e cul t ur ed i n Todd- Hewi t t br ot h and har -

vest ed af t er 24 h . The bact er i a wer e mechani cal l y di sr upt ed and subsequent l y t r eat ed wi t h

var i ous degr adi ng enzymes as descr i bed ( 1) . Fur t her i sol at i on was car r i ed out by di f f er ent i al

ul t r acent r i f ugat i on st eps, as has been descr i bed ( 32) , and t he r esul t i ng 100, 000- g pel l et was

used t hr oughout t he exper i ment s . Thi s pr epar at i on cont ai ned 12 . 8%mur ami c aci d ( 33) . The

SCWwer e ki ndl y pr ovi ded by Dr . A. J . Sever i j nen, Er asmus Uni ver si t y, Rot t er dam, t he

Net her l ands.

I nduct i on of SCWAr t hr i t i s .

	

To i nduce a chr oni c pol yar t hr i t i s, r at s wer e i nj ect ed i n-

t r aper i t oneal l y wi t h a st er i l e aqueous suspensi on of SCWat a dose of 15 Rg mur ami c aci d

per gr amr at body wei ght . The ar t hr i t i s was scor ed macr oscopi cal l y by measur i ng paw t hi ck-

ness wi t h a cal i per , and by hi st ol ogy .

I nduct i on of Adj uvant Ar t hr i t i s .

	

Lewi s r at s wer e i nj ect ed i nt r acut aneousl y at t he base of t he

t ai l wi t h 1 mg heat - ki l l ed M. t uber cul osi s or gani sms ( H37Ra; Di f co Labor at or i es, I nc . , Det r oi t ,

MI ) suspended, but not emul si f i ed, i n oi l ( 2) . Pol yar t hr i t i s occur r ed af t er 14- 16 d and l ast ed

N4 wk .

I nduct i on of Zymosan Ar t hr i t i s .

	

To i nduce a noni mmune ar t hr i t i s, 6 pl of a st er i l e suspensi on

of zymosan ( 10 mg/ ml ) ( Koch- Li ght Lab. , Coi nbr ook, Bucks, UK) i n PBS was i nj ect ed i nt o

t he r i ght knee j oi nt ( 34) . The cont r ol j oi nt was i nj ect ed wi t h 6 Al PBS. Because t he r esul t i ng

ar t hr i t i s was a uni l at er al one, i t coul d be quant i f i ed by t he '9 mTechnet i um( 1c) - upt ake met hod

as pr evi ousl y descr i bed ( 35) . Br i ef l y, r at s wer e sedat ed wi t h pent obar bi t al and i nj ect ed wi t h

1 MBq 99- Tc. Af t er 20 mi n, r adi oact i vi t y i n t he r i ght and l ef t knee j oi nt was measur ed by

ext er nal gamma count i ng . Ar t hr i t i s was expr essed as t he r at i o of 99- Tc upt ake bet ween r i ght

and l ef t j oi nt . Al l r at i os >1 . 10 wer e i nt er pr et ed as i nf l ammat i on .

I nduct i on of Del ayed- t ype Hyper sensi t i vi t y ( DTH) React i on.

	

To anal yze t he ef f ect of pr et r eat -

ment wi t h 65- kD pr ot ei n on cel l ul ar i mmune r esponses, we i mmuni zed 65- kD pr ot ei n- pr e-

t r eat ed and I FA- pr et r eat ed cont r ol r at s wi t h OVA or wi t h OVA + SCWemul si f i ed i n I FA

by i nj ect i on of 100 ul ( 1 mg/ ml ) of t he emul si on i nt o t he f oot pads of t he f or epaws . A DTH

r eact i on as a measur e of cel l ul ar i mmuni t y was i nduced by i nj ect i on of 10 kg OVA i nt o t he

r i ght , and sal i ne i nt o t he l ef t , ear of r at s . The r esul t i ng swel l i ng of t he ear s was measur ed

6, 24, and 48 h t her eaf t er . The swel l i ng i s expr essed as r i ght over l ef t r at i os .

Pr et r eat ment wi t h Recombi nant 65- kD Mycobact er i al Pr ot ei n .

	

The 65- kD pr ot ei n of var i ous

Mycobact er i um speci es has r ecent l y been cl oned and expr essed i n Escher i chi a col i K12 M1070

( 36- 38) . The r ecombi nant 65- kDpr ot ei n was pr epar ed f r omE. col i car r yi ng pl asmi d pRI B1300 .

I nduced cul t ur es wer e r esuspended i n 100 mMTr i s, 5 mMEDTA, pH 8, and soni cat ed by

ei ght pul ses of 30 s at 80 W. The r esul t i ng l ysat e cont ai ned t he 65- kD pr ot ei n up t o 30%.

The pr ot ei n was pur i f i ed f r om t he l ysat e by ammoni umsul phat e pr eci pi t at i on f ol l owed by

DEAE col umn chr omat ogr aphy as descr i bed ( 39) . The i sol at ed pr ot ei n was checked f or pu-

r i t y by SDS- PAGE ( Fi g. 1) .

Lewi s r at s wer e t r eat ed by i nt r aper i t oneal i nj ect i on of 50 p. g 65- kD pr ot ei n suspended i n

I FA. Cont r ol r at s wer e i nj ect ed wi t h I FA al one .

Tr ansf er of 65- kD Pr ot ei n- i nduced Pr ot ect i on .

	

To i nvest i gat e whet her t he 65- kD pr ot ei n- i n-

duced pr ot ect i on agai nst SCWar t hr i t i s was medi at ed by cel l ul ar i mmuni t y, t r ansf er exper i -

ment s wer e done . For t hi s pur pose, we i nj ect ed Lewi s r at s i nt r aper i t oneal l y wi t h 50, ug 65- kD

pr ot ei n/ I FA or wi t h I FA al one . Af t er 20 d, we r emoved t he spl een . Fr om spl eens a si ngl e

cel l suspensi on was made. The cel l s wer e washed once wi t h RPMI 1640 dut ch modi f i cat i on

( dm) ( Fl ow Labor at or i es, I nc . , McLean, VA) and t he er yt hr ocyt es wer e l ysed wi t h 0 . 16 M

NH4C1/ 0 . 17 MTr i s- HCI , pH 7 . 2, f or 2 mi n at r oom t emper at ur e . The whi t e cel l s wer e

washed t wi ce wi t h RPMI 1640 dm. Subsequent l y, t he cel l s wer e i ncubat ed f or adher ence

t o a cul t ur e f l ask i n RPMI 1640 dmsuppl ement ed wi t h 20 mMgl ut ami ne and 2 %( vol / vol )

SFl ( Cost ar , Cambr i dge, MA) as ser umsubst i t ut e f or 45 mi n at 37 0 C i n a C02 i ncubat or .

The nonadher ent cel l s wer e col l ect ed by aspi r at i on . These cel l s wer e pel l et ed and r esuspended
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i n 1 ml RPMI 1640 dm + gl ut ami ne + SF1 and wer e appl i ed t o a nyl on wool col umn f or
f ur t her r emoval of adher ent cel l s . Af t er 45 mi n i n a C02 i ncubat or at 37 ° C, t he nonadher ent
popul at i on was el ut ed wi t h 25 ml war mRPMI 1640 dm. Of t he r esul t i ng popul at i on, 95%
or mor e of t he cel l s wer e W3/ 13* .

Nai ve Lewi s r at s wer e i nj ect ed i nt r avenousl y wi t h 5 x 108 t ot al spl een cel l s or wi t h 5 x

10 7 spl een T cel l s. I mmedi at el y t her eaf t er , SCWwer e i nj ect ed i nt r aper i t oneal l y t o i nduce
ar t hr i t i s as descr i bed above .

Pr ol i f er at i ve Response of Spl een T Cel l s .

	

Spl eens wer e r emoved asept i cal l y f r om r at s 4 wk af t er
i nt r aper i t oneal SCWi nj ect i on and a si ngl e cel l suspensi on was made. T cel l - enr i ched spl een
cel l s ( see above) wer e i ncubat ed i n mi cr ot i t er r ound- bot t omed pl at es ( Cost ar ) wi t h t he f ol -
l owi ng st i mul i : SCW( 6- 2- 0 . 6 j i g/ ml mur ami c aci d) , 65 kD( 30- 10- 3 hg/ ml ) , and Con A ( 1 . 25
ug/ ml ) . The f i nal densi t y of cel l s was 105/ 200 JAI RPMI 1640 dm + 10 mMgl ut ami n + 2

SFl + 40 FAg/ ml gent amyci n.
Af t er 3 d, 3 . 7 x 10 4 Bq ( 1 EACi ) [ 3 H] t hymi di ne ( Amer sham, Amst er dam) ( 0 . 7- 1 . 1 x 108

MBq/ mmol sp act ) was added per wel l . 24 h t her eaf t er , t he cel l s wer e har vest ed ont o gl ass
f i ber f i l t er s and t he amount of i ncor por at ed r adi oact i vi t y was count ed i n a l i qui d sci nt i l l at i on
anal yzer . Al l val ues ar e expr essed as t he mean of at l east t r i pl i cat e cul t ur es .

ELI SAf or Ant i - 65- kD Pr ot ei n or Ant i - SCWAnt i bodi es .

	

96- wel l f l at - bot t omed mi cr ot i t er pl at es
wer e pr ecoat ed wi t h 150, . 1 0 . 5 mg/ ml pr ot ami ne- HCI ( Kabi AB, St ockhol m, Sweden) f or
2 h i n t he case of an SCW- speci f i c pl at e. Pr ecoat i ng was not necessar y f or 65- kD ELI SA.
Af t er t hr ee washes wi t h PBS + 0 . 05% ( vol / vol ) Tween- 20, pl at es wer e coat ed wi t h 65- kD
pr ot ei n and nat i ve or denat ur ed SCW( 10 mi n, 100 ° C, 1 : 1 di l ut ed wi t h 10% gl ycer ol , 5%
( 3- mer capt oet hanol , 5%SDS) , 5 / ~g/ ml , 150 pl / wel l over ni ght . The pl at es wer e washed t hr ee
t i mes and post coat ed t o avoi d nonspeci f i c bi ndi ng wi t h 150 J. 1/ wel l 1 %( wt / vol ) BSA f or 2 h .

The pl at es wer e i ncubat ed wi t h 100 / . d/ wel l of t wof ol d di l ut i ons of pool ed r at ser a i n 1%( wt / vol )
BSA f or 1 h . The pl at es wer e washed f i ve t i mes and t hen i ncubat ed wi t h 100 pl / wel l hor se-
r adi sh per oxi dase- conj ugat ed goat - ant i - r at I g ( Nor di c, Ti l bur g, t he Net her l ands) di l ut ed
500 t i mes i n 0. 5% ( wt / vol ) BSA f or 1 h. Af t er f i ve washes, 100 JAI of t he f ol l owi ng f r eshl y
pr epar ed subst r at e sol ut i on, 0 . 8 mg/ ml 5- ami nosal i cyl i c aci d di ssol ved i n 50 mMphosphat e
buf f er , pH 6 . 0, cont ai ni ng 0 . 8 Al / ml 30%( vol / vol ) H202, was added t o each wel l . Af t er 30
mi n, t he absor bt i on at 450 nm was measur ed i n a Ti t er t ek Mul t i skan ( Fl ow Labor at or i es,
I r vi ne, Scot l and) . Al l val ues wer e cor r ect ed f or t he si gnal obt ai ned by omi t t i ng t he ant i gen-
coat i ng st ep. Al l i ncubat i ons wer e car r i ed out at r oom t emper at ur e .

I mmunol ogi cal Rel at i onshi p bet ween SCWand Mycobact er i al 65- kD Pr ot ei n .

	

To i nvest i gat e whet her
on 65- kD pr ot ei n and SCWsi mi l ar T cel l epi t opes wer e pr esent , r at s wer e i mmuni zed i n
t he f oot pads of t he f or epaws wi t h 65- kD pr ot ei n or SCWemul si f i ed i n I FA. 9 d t her eaf t er ,
dr ai ni ng l ymph nodes wer e r emoved asept i cal l y and a si ngl e cel l suspensi on was made . The
cel l s wer e st i mul at ed i n vi t r o wi t h 65- kD pr ot ei n ( 10, 3, and 1 pg/ ml ) , SCW( 6, 2, and 0 . 6
kg/ ml mur ami c aci d) , and mi t ogen ( Con A; 1 . 3 Rg/ ml ) , and t he r esul t i ng pr ol i f er at i ve r e-
sponse was measur ed as descr i bed above .

To t est ser ol ogi cal r el at i onshi p bet ween t he mycobact er i a165- kD pr ot ei n and SCWsever al
65- kD pr ot ei n- speci f i c mAbs and pol ycl onal ser a wer e t est ed f or bi ndi ng t o 65- kD pr ot ei n
and SCWi n ELI SA as descr i bed above . I n t he ELI SA syst em, bl ocki ng st udi es wer e per -

f or med as f ol l ows : 1 : 200 di l ut ed ant i - SCWor ant i - 65- kDpr ot ei n ser a wer e i ncubat ed over -
ni ght at 37° C wi t h di f f er ent concent r at i ons of i nhi bi t or ( 65 kD pr ot ei n or SCW) . Subse-
quent l y, t he ser a wer e pl aced at 4° C f or 2 h t o f avor t he f or mat i on of compl exes and t he
ser a wer e cent r i f uged ( 10 mi n, 2, 000 r pm) . The " super nat ant s" wer e t est ed i n an ELI SA as
descr i bed above . I n addi t i on, ant i bodi es wer e t est ed on a West er n bl ot as f ol l ows : SCWand
65- kDpr ot ei n wer e i ncubat ed wi t h a si mi l ar vol ume of denat ur i ng buf f er ( 0 . 01 %br omophenol
bl ue, 10% gl ycer ol , 5%/ 3- mer capt oet hanol , 5%SDS f or 10 mi n at 100' C. The sampl es wer e
separ at ed usi ng a 10%SDS- pol yacr yl ami de gel . The mat er i al was el ect r obl ot t ed ont o ni t r ocel -
l ul ose ( 4 h, 60 V, 0. 2 A) usi ng t he f ol l owi ng buf f er : 200 ml et hanol + 3 g Tr i s + 14 . 4 g
gl yci ne + 0 . 3 g SDS/ l i t er . Ni t r ocel l ul ose ( NC) st r i ps wer e i ncubat ed wi t h bl ocki ng buf f er
( PBS + 2% BSA) f or 2 h and subsequent l y wi t h 1 : 200 di l ut ed ser a or mAbs i n washi ng
buf f er ( PBS + 1%Tr i t on X- 100 + 0 . 1 %SDS + 0 . 5% BSA) and t he appr opr i at e per oxi dase-
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conj ugat ed ant i ser a ( Nor di c, Ti l bur g, t he Net her l ands) i n a di l ut i on of 1/ 500 f or 1 h. NC
st r i ps wer e washed bet ween each st ep f or 3- 5 mi n . Fi nal l y, t he st r i ps wer e i ncubat ed wi t h
f r eshl y pr epar ed subst r at e : 0 . 5 mg/ ml 4- chl or o- l - napht ol + 0. 015% H202 i n wat er . The r eac-
t i on was st opped wi t h wat er .

Hi st ol ogy of KneeJoi nt s .

	

Ankl e j oi nt s wer e r emoved and pr ocessed f or hi st ol ogy as descr i bed
( 40) wi t h t he f ol l owi ng al t er at i ons : f or mal i n f or 2 wk and HCOOHf or 2 wk. 7- Pmpar af f i n
sect i ons wer e made and st ai ned wi t h hemat oxi l i n and eosi n . Scor i ng of i nf l ammat i on was
done by t wo i ndependent obser ver s on coded sl i des . A scal e of 0- 3 was used t o quant i f y t he
amount of i nf i l t r at e and exudat e.

Resul t s

Ef f ect of Pr et r eat ment wi t h t he Mycobact er i al 65- kDPr ot ei n on SCW- i nduced Ar t hr i t i s

Joi nt I nf l ammat i on . I t has been descr i bed ( 13) t hat pr et r eat ment by i nt r aper i t oneal

i nj ect i on of 50 Ag 65- kD pr ot ei n/ I FA ( Fi gur e 1) 35 d bef or e chal l engi ng wi t h t he

whol e M. t uber cul osi s i n oi l pr ot ect ed Lewi s r at s agai nst adj uvant ar t hr i t i s . To i nvest i gat e

whet her t hi s par t i cul ar pr ot ei n was si mi l ar l y pr ot ect i ve i n anot her bact er i um- i nduced

ar t hr i t i s model , we t est ed t he same t r eat ment r egi me i n SCW- i nduced ar t hr i t i s i n

Lewi s r at s . Fi g . 2 shows t he ar t hr i t i s i n pr et r eat ed and cont r ol r at s as measur ed by

t hi ckness of t he hi nd paws . Compl et e pr ot ect i on agai nst ar t hr i t i s was f ound i n t he

gr oup pr et r eat ed wi t h 65- kD pr ot ei n/ I FA, whi l e i n t he cont r ol s, a sever e, er osi ve

pol yar t hr i t i s was seen . Addi t i onal exper i ment s wer e under t aken t o eval uat e t he ki -

net i cs of t he pr et r eat ment ef f ect s ( Fi g . 2) . I nt r aper i t oneal i nj ect i on of 50, ug 65- kD

pr ot ei n/ I FA 35, 25, 15, or 5 d bef or e i nduct i on of SCWar t hr i t i s compl et el y pr o-

t ect ed r at s agai nst j oi nt i nf l ammat i on . The hi st ol ogy of ar t hr i t i c and pr ot ect ed j oi nt s

i s shown i n Fi g. 3, A and B. Fi g . 3 A shows a sever el y i nf l amed j oi nt , whi l e Fi g .

3 B, pr et r eat ed on day - 25, shows onl y mar gi nal i nf l ammat i on . Joi nt s f r omr at s t hat

wer e pr et r eat ed 35, 15, or 5 d bef or e SCWar t hr i t i s i nduct i on showt he same hi st ol ogy

( dat a not shown) . Besi des t he massi ve i nf i l t r at e and exudat e i n t he j oi nt space and

bone mar r owof cont r ol r at s ( Fi g. 3 A) , al so a compl et e dest r uct i on of car t i l age, muscl e,

and bone st r uct ur es i s obser ved .

I n addi t i on, at aut opsy i t became cl ear t hat i n successf ul l y pr ot ect ed r at s some

FI GURE 1 .

	

SDS- PAGE f r omt he i sol at ed mycobact er i al 65- kD heat shock
pr ot ei n t hat was used t hr oughout t he st udi es . ( A) Mol ecul ar wei ght
mar ker s : 200, 116, 95 . 5, 66 . 2, 45, 31, and 21 . 5 kD; ( B, C, and D) 4, 2,
and 1 Wg pur i f i ed mycobact er i al 65- kD pr ot ei n, r espect i vel y .
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days af t er ar t hr i t i s i nduct i on

ot her char act er i st i cs of SCWdi sease, l i ke gr anul omas i n t he l i ver , adhesi ons of t he

spl een, and l oss of body wei ght , wer e absent ( dat a not shown) .

Admi ni st r at i on of 50 Ag 65- kD pr ot ei n dur i ng ar t hr i t i s ( day 15, 35, or 55 af t er

SCWi nj ect i on) , however , di d not l ead t o an amel i or at i on of ar t hr i t i s but t o a si gni f i cant

vi sual ( r edness and swel l i ng) and f unct i onal ( l i mpi ng) det er i or at i on i nst ead .

I mmune Response t o SCWand 65- kD Pr ot ei n i n SCWAr t hr i t i s and Pr ot ect ed Rat s .

	

Be-

cause expr essi on of SCWi nduced ar t hr i t i s i s dependent on T cel l s ( 14- 16) , and i n

al l pr obabi l i t y on SCWspeci f i c ones ( 16, van den Br oek, M. F, M. C. J . van Br uggen,

A. J . Sever i j nen, and WB. van den Ber g, manuscr i pt submi t t ed f or publ i cat i on) ,

we i nvest i gat ed t he r el at i on bet ween ar t hr i t i s and SCWspeci f i c T cel l r esponses i n

sucessf ul l y pr ot ect ed r at s and cont r ol r at s . Tabl e I shows spl een T cel l pr ol i f er at i on

i n r esponse t o mi t ogen, SCWor 65- kD pr ot ei n ( >95%W3/ 13+, dat a not shown) .

Cel l s wer e obt ai ned 30 d af t er i nt r aper i t oneal i nj ect i on of an ar t hr i t ogeni c dose of

SCWSCW- speci f i c and 65- kD pr ot ei n- speci f i c Tcel l r esponses ar e cl ear l y pr esent

i n ar t hr i t i c ( I FA- pr et r eat ed) r at s, as compar ed wi t h nai ve cont r ol r at s .

I n pr ot ect ed r at s, pr et r eat ed wi t h 65- kD pr ot ei n at day - 5 or - 15, t he r esponses

t o SCW, 65- kD pr ot ei n, and mi t ogen ar e si gni f i cant l y l ower t han t hose i n ar t hr i t i c

r at s . Thus, t he 65- kD pr ot ei n- i nduced pr ot ect i on agai nst SCWar t hr i t i s may r esul t

f r omspeci f i c Tcel l r egul at i on . Pr ol i f er at i ve r esponses of T cel l - enr i ched spl een cel l s

obt ai ned f r omr at s pr et r eat ed at day - 25 or - 35 ar e si mi l ar t o t hose shown i n Tabl e

I f or r at s pr et r eat ed at day - 15 or - 5 ( dat a not shown) .

Pr et r eat ment wi t h 65- kD pr ot ei n had no ef f ect on ant i body l evel s t o SCW, but

t he ant i body l evel s agai nst 65- kD pr ot ei n showed a posi t i ve cor r el at i on wi t h t he t i me
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FI GURE 3 .

	

Hi st ol ogy of SCWar t hr i t i s: f r ont al sect i ons of r at ankl e j oi nt . St ai ni ng H&E. JS, j oi nt
space ; S, synovi um; B, bone ; C, car t i l age. ( A) Pr et r eat ed wi t h I FAon day - 25 ( x 40) . ( B) Pr et r eat ed
wi t h 65- kDpr ot ei n/ I FA on day - 25 ( x 40) . Not e t he mass of i nf l ammat or y cel l s i n t he j oi nt space
and bone mar r ow, l eadi ng t o a compl et e j oi nt di st r uct i on .
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TABLE I

Pr ol i f er at i ve Responses of 105 T Cel l - enr i ched Spl een Cel l s of

Rat s, I sol at ed 30 d af t er I nt r aper i t oneal I nj ect i on of an

Ar t hr i t ogeni c Dose of SCWor f r om Nai ve Rat s

Pr ol i f er at i ve r esponses ( SI s) at day 30 of :

Pr ol i f er at i on was measur ed by [ 3 H] t hymi di ne i ncor por at i on dur i ng t he l ast 16 h

of a 96- h cul t ur e wi t h var i ous st i mul i . Pr ol i f er at i ve r esponses ar e expr essed as

st i mul at i on i ndi ces ( amount of r adi oact i vi t y i ncor por at ed due t o st i mul us Xdi vi ded

by t hat due t o medi um al one) . The val ues r epr esent t he mean of at l east t r i pl i -

cat e cul t ur es and t he var i at i on was al ways <10%. Spl eens f r om each goup wer e

pool ed .

el apsed bet ween 65- kDpr ot ei n i nj ect i on and ser umsampl i ng, as expect ed ( dat a not

shown) . Thi s i ndi cat ed t hat al t hough pr et r eat ment wi t h 65- kD pr ot ei n suppr essed

SCW- speci f i c T cel l r esponses and SCW- i nduced ar t hr i t i s, i t had no ef f ect on ant i -

SCWant i body l evel s .
Tr ansf er of Pr ot ect i on by T Cel l s .

	

Fi g. 4 shows t he sever i t y of SCWar t hr i t i s i n Lewi s

r at s t hat wer e i nj ect ed i nt r avenousl y at t he day of ar t hr i t i s i nduct i on ( day 0) wi t h

5 x 10$ spl een cel l s ( A) or wi t h 5 x 10 7 spl een T cel l s ( B) obt ai ned f r om r at s pr o-

t ect ed by 65- kD pr ot ei n pr et r eat ment or I FA- pr et r eat ed cont r ol Lewi s r at s . I t i s ob-

vi ous t hat bot h t ot al spl een cel l s and spl een T cel l s f r om pr ot ect ed r at s wer e abl e

t o t r ansf er t hi s pr ot ect i on t o nai ve r eci pi ent r at s, whi l e spl een cel l s f r omcont r ol r at s

wer e not . I n t he gr oup r ecei vi ng t ot al spl een cel l s, t he t r ansf er r ed pr ot ect i on was

not compl et e, however , one of si x r at s devel oped a SCWar t hr i t i s al most as sever el y

as t hose i n t he cont r ol gr oup, but l ess chr oni c . Anot her r at al so showed a subst ant i al
ar t hr i t i s, al t hough si gni f i cant l y l ess sever e t han t hat i n cont r ol r at s . The ot her f our
r at s had a ver y mi l d ar t hr i t i s wi t h a del ayed onset ( 2 wk) and a shor t dur at i on . I n
t he gr oup r ecei vi ng spl een T cel l s, t he pr ot ect i on was compl et e i n al l r eci pi ent s,
even at a 10- f ol d l ower t r ansf er r ed cel l number . These r esul t s suggest t hat t he pr o-
t ect i on agai nst SCWar t hr i t i s i nduced by pr et r eat ment wi t h 65- kD pr ot ei n i s medi -
at ed by T cel l s .

Ef ect of Recover y f r om AA on SCWAr t hr i t i s Suscept i bi l i t y

I t i s known t hat r at s t hat have r ecover ed f r om AA ar e r esi st ant t o a subsequent

AAi nduct i on ( 17, 18) . To i nvest i gat e whet her SCWi nduced ar t hr i t i s i s al so pr event ed

Ant i gen Dose

pg/ ml

Rat s i nj ect ed

65- kD pr ot ei n

at day - 15

wi t h SCWi

65- kD pr ot ei n

at day - 5

( day 0)

I FA

at day -

Nai ve r at s

15 None

SCW 6 4 5 40 2

2 2 2 26 1

0 . 6 1 1 4 1

65- kD pr ot ei n 10 3 4 26 8

3 2 2 8 3

1 1 1 2 1

Con A 1 . 3 7 6 212 149
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FI GURE 4.

	

Tr ansf er of 65- kD- i nduced
pr ot ect i on agai nst SCWar t hr i t i s : donor
r at s wer e i nj ect ed i nt r aper i t oneal l y wi t h
50 gg 65- kD pr ot ei n/ I FA or wi t h I FA

al one at day - 20 . At day 0 spl een cel l s
wer e i sol at ed and 5 x 10 8 cel l s ( A) or
5 x 10' pur i f i ed spl een Tcel l s ( B) wer e
i nj ect ed i nt r avenousl y i nt o r eci pi ent
r at s . I mmedi at el y t her eaf t er an ar t hr i t o-
geni c dose of SCWwas i nj ect ed i nt r a-
per i t oneal l y. SCWar t hr i t i s i s measur e
as t he sum of t he t hi ckness of bot h
hi ndl egs x 0. 1 mm. ( A) Each gr oup con-
si st ed of si x r at s . The mean val ue t SD
i s shown of r at s whi ch r ecei ved I FA
spl een cel l s ( A) , and i ndi vi dual val ues
of r at s t hat r ecei ved 65- kD spl een cel l s
ar e shown . ( B) Each gr oup consi st ed of
f our r at s . The mean val ue t SDof r at s
i nj ect ed wi t h I FAspl eni c T cel l s ( O) of

65- kD spl eni c T cel l s( * ) i s shown .

by a f or egoi ng AA, we i nduced SCWar t hr i t i s i n r at s t hat had r ecover ed f r omAA

( 35 d af t er i nduct i on) . However , al l ex- AA r at s di ed bet ween 6 and 16 h af t er i n-

t r aper i t oneal SCWadmi ni st r at i on, showi ng edemat ous l ungs and hemor r hagi c l ymph

nodes at aut opsy, whi l e cont r ol r at s ( i nj ect ed wi t h I FA al one i nst ead of I FA/ M. t uber -

cul osi s) devel oped a nor mal SCWar t hr i t i s ( Tabl e I I ) .

When r at s wer e i nj ect ed wi t h whol e St r ept ococcus pyogenes or gani sms suspended i n

I FA i n t he adj uvant - l i ke manner ( 0 . 1 ml i nt r acut aneousl y, 10 mg/ ml ) , an adj uvant -

l i ke pol yar t hr i t i s devel oped wi t hi n 2 wk, whi ch r esol ved af t er - 40 d. I nj ect i on wi t h

an aqueous suspensi on SCW( ar t hr i t ogeni c dose) af t er r esol ut i on of di sease di d not

r esul t i n deat h of r at s r ecover ed f r omst r ept ococcus ar t hr i t i s, but l ed t o a r eact i va-

t i on of t he j oi nt swel l i ng and r edness wi t hi n sever al hour s i nst ead, t hus suggest i ng

an accel er at ed onset of SCWar t hr i t i s . Summar i zi ng, i mmuni zat i on wi t h M. t uber -

cul osi s ( and t he r esul t i ng ar t hr i t i s) l eads t o a l et hal hyper sensi t i vi t y upon chal l enge
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TABLE I I

Ef f ect of Pr et r eat ment wi t h M. Tuber cul osi s on t he Expr essi on of

SCW- i nduced Ar t hr i t i s

Ef f ect of pr et r eat ment wi t h M. t uber cul osi s ( Mt ) i n oi l ( adj uvant ar t hr i t i s) , i t s

i mmunodomi nant 65- kD pr ot ei n i n oi l , or S. pyogenes ( Sp) i n oi l ( st r ept ococcus

ar t hr i t i s) on t he expr essi on of SCW- i nduced ar t hr i t i s . Rat s wer e pr et r eat ed

35 d bef or e i nt r aper i t oneal admi ni st r at i on of
Sew

. Ar t hr i t i s was scor ed by

measur i ng j oi nt swel l i ng and by hi st ol ogy .

` Rat s di ed wi t hi n 24 h af t er chal l enge .

$ One r at di d not di e, but devel oped onl y t he T cel l - i ndependent acut e phase .
s Al l r at s devel oped a sever e ar t hr i t i s wi t h accel er at ed onset ( wi t hi n 48 h, nor -

mal
Sew

ar t hr i t i s devel ops af t er 11- 14 d) .

wi t h SCW. Thi s phenomenon i s not seen af t er t he i mmuni zat i on wi t h S pyogenes

( and t he r esul t i ng ar t hr i t i s) .

Ef f ect of Pr et r eat ment wi t h t heMycobact er i al 65- kDPr ot ei n on Zymosan- i nduced Ar t hr i t i s

To excl ude t he possi bi l i t y t hat t he obser ved pr ot ect i on agai nst SCWar t hr i t i s was

a nonspeci f i c andi nf l ammat or y ef f ect of t he 65- kD mycobact er i al pr ot ei n, we t est ed

t he ef f ect of pr et r eat ment wi t h t hi s pr ot ei n on a noni mmune j oi nt i nf l ammat i on,

zymosan- i nduced ar t hr i t i s ( 34) . Ar t hr i t i s i s quant i f i ed by det er mi ni ng t he r at i o of
" Tc

upt ake i n t he r i ght ( ar t hr i t i c) over t he l ef t ( cont r ol ) j oi nt . The amount of 99" ' Tc

i s i nf l uenced by edema and i ncr eased bl ood f l ow. I n bot h gr oups t he R/ L r at i os wer e

compar abl e : 4 d af t er zymosan i nj ect i on t he mean r at i o t SD of t he I FA- t r eat ed

gr oup was 1. 33 t 0. 04 ( n = 5) and t hat of t he 65- kD pr ot ei n- t r eat ed gr oup was

1. 29 t 0. 04 ( n = 5) . Al so, hi st ol ogi cal l y, no di f f er ence bet ween t he t wo gr oups was

obser ved ( dat a not shown) . These r esul t s i ndi cat e t hat 65- kD pr ot ei n i s not anonspeci f i c

andi nf l ammat or y agent .

Ef f ect of Pr et r eat ment wi t h t he Mycobact er i al 65- kD Pr ot ei n on a DTHReact i on

To excl ude t hat t he pr ot ect i on agai nst bact er i al ar t hr i t i s by 65- kDpr ot ei n i s medi -

at ed by a nonspeci f i c i mmunosuppr essi ve capaci t y of t he mycobact er i al pr ot ei n, we

anal yzed t he ef f ect of 65- kD pr ot ei n pr et r eat ment on t he cel l ul ar i mmune r esponse

i n vi vo, a DTHr eact i on. Rat s wer e pr et r eat ed 20 d bef or e i mmuni zat i on wi t h 50 hg
65- kD pr ot ei n/ I FA or wi t h I FA al one. Tabl e I I I shows t he ear swel l i ng i n t he f our

gr oups as a r esul t f r omchal l enge wi t h OVA. I n 65- kDpr ot ei n- pr et r eat ed and cont r ol

OVA- pr i med gr oups, a compar abl e swel l i ng i s obser ved, t hus i mpl yi ng t hat t he ef f ect

of 65- kD pr ot ei n on bact er i al ar t hr i t i s i s not a nonspeci f i c i mmunosuppr essi ve one.

To t est whet her 65- kD pr ot ei n pr i mes f or suppr essi on t hat can be act i vat ed by

Pr et r eat ment Condi t i on of r at s at day 60

Day 0 Day 35 Dead Ar t hr i t i c Nonar t hr i t i c

- Mt / oi l 0 20 2

Mt / oi l Mt / oi l 0 0 10

65 kD/ oi l Mt / oi l 0 0 10

- sew 0 20 0

Mt / oi l sew 13` 11 0

65 kD/ oi l sew 0 0 14

Sp/ oi l sew 0 l os 0
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TABLE I I I

Ef f ect of Pr et r eat ment wi t h 65- kD Pr ot ei n/ I FA or I FA Al one on a

DTH React i on as Measur e f or a Cel l ul ar I mmune Response I n Vi oo

R/ L r at i o of ear swel l i ng of r at s i mmuni zed at day - 14 wi t h :

Pr et r eat ment

	

OVA/ I FA

	

OVA + SCW/ I FA

at day - 34

	

24 h

	

48 h

	

24 h

	

48 h

65AD pr ot ei n/ I FA

	

2 . 18 ± 0 . 08

	

1 . 71 t 0 . 11

	

1 . 32 t 0 . 03'

	

1 . 21 t 0 . 05

I FA

	

2 . 11 t 0 . 11

	

1 . 64 f 0 . 07

	

1 . 96 t 0 . 08

	

1 . 69 t 0 . 07

DTH was i nduced by i nj ect i on of 10 p. g OVA i nt o t he pi nna of t he r i ght and sal i ne i nt o

t he pi nna of t he, l ef t ear of r at s, whi ch wer e t r eat ed as f ol l ows : day - 34, pr et r eat ment wi t h

65- kD pr ot ei n/ I FA ( n = 6) or I FA ( n = 6) i nt r aper i t oneal l y ; day - 14, i mmuni zat i on wi t h

OVA/ I FA or OVA + SCW/ I FA i n f or epaws ; day 0, i nt r api nnal chal l enge wi t h OVA; day

1 and 2, measur ement of DTH r eact i on .
P < 0 . 001 compar ed wi t h i t s I FA- pr et r eat ed cont r ol gr oup as det er mi ned by t he t wo- t ai l ed

Mann Whi t hey U t est .

r echal l enge wi t h a 65- kD pr ot ei n- cont ai ni ng ant i gen, we i mmuni zed 65- kD- pr o-

t ei n- pr et r eat ed and cont r ol r at s wi t h OVA/ I FAsuppl ement ed wi t h SCWt o act i vat e

t hi s suppr essi on and i nduced a DTHwi t h OVAsubsequent l y . Tabl e I I I depi ct s t hat

t he OVA- el i ci t ed DTHr eact i ons i n OVA/ I FA- and OVA + SCW/ I FA- pr i med con-

t r ol r at s ar e compar abl e t o each ot her and t o t hat i n 65- kD pr ot ei n- pr et r eat ed,

OVA/ I FA- pr i med r at s, but t hat t he DTHr eact i on i n 65- kD pr ot ei n- pr et r eat ed, OVA

+ SCW/ I FA- pr i med r at s i s si gni f i cant l y decr eased.

I mmunol ogi cal Rel at i onshi p bet ween SCWand t he Mycobact er i al 65- kD Pr ot ei n

To see whet her SCWand 65- kD pr ot ei n ar e i mmunol ogi cal l y i nt er r el at ed, we

sear ched f or cr ossr eact i vi t y at bot h t he humor al and t he cel l ul ar l evel . Recent l y, a

65- kD pr ot ei n has been demonst r at ed i n S pyogenes by mAbs ( 26) , but no dat a ar e

avai l abl e f or t he pr esence of 65- kD pr ot ei ns i n i sol at ed cel l wal l s of S. pyogenes . For

Coxi el l a, however , i t has been descr i bed t hat i sol at i on of cel l wal l s r esul t ed i n enr i ch-

ment f or t he 65- kD heat shock pr ot ei n ( 27) .

The r esul t s of our pr ot ect i on exper i ment s al r eady suggest a si mi l ar i t y wi t h r e-

spect t o T cel l epi t opes and Tabl e I V shows f ur t her evi dence : SCW- pr i med T cel l s

pr ol i f er at e i n vi t r o i n r esponse t o 65- kD pr ot ei n, and 65- kD pr ot ei n- pr i med T cel l s

pr ol i f er at e i n r esponse t o SCWI n addi t i on, Tabl e I shows t hat admi ni st r at i on of

SCWi n sal i ne i nt r aper i t oneal l y i n an ar t hr i t ogeni c dose i nduces 65- kD pr ot ei n- speci f i c

T cel l r esponses .

Al so at t he l evel of ant i body r ecogni t i on, SCWand 65- kD pr ot ei n ar e r el at ed ;

ant i - 65 kD ser a r eact wi t h SCWon i mmunobl ot s and vi ce ver sa ( dat a not shown) ,

and of si x ant i - 65- kD monocl onal s, each r ecogni zi ng di f f er ent epi t opes i n t he mol e-

cul e ( 41- 46) , monocl onal E423 and 67- 2 r ecogni zed SCWA cont r ol monocl onal

( WT31, di r ect ed agai nst human T3, [ 42] ) was negat i ve. Tabl e V shows t he ELI SA

r esul t s : t he bi ndi ng of ant i ser umt o i t s own ant i gen and t o t he cr ossr eact i ve ant i gen

coul d be bl ocked by pr ei ncubat i on of t he ser umwi t h ei t her ant i gen, al bei t not i n

al l combi nat i ons t o t he same ext ent .



VAN DEN BROEK ET AL .

TABLE I V

I mmunol ogi cal Rel at i onshi p at t he TCel l Level bet ween t he

Mycobact er i al 65- kD Pr ot ei n and SCW

Rat s wer e i mmuni zed wi t h 65 kDpr ot ei n or SCWi n I FA and t he pr ol i f er a-

t i ve r esponse of cel l s i sol at ed f r om dr ai ni ng l ymph nodes was measur ed 9 d

l at er . Pr ol i f er at i on was measur ed by [ 3 H] t hymi di ne i ncor por at i on dur i ng t he

l ast 16 h of a 96- h cul t ur e wi t h 65- kD pr ot ei n, SCW, or mi t ogen as st i mul us .

Pr ol i f er at i ve r esponses ar e expr essed as st i mul at i on i ndi ces ( amount of r adi o-

act i vi t y i ncor por at ed due t o st i mul us Xdi vi ded by t hat due t o medi um al one) .

The val ues r epr esent t he mean of quadr upl i cat e cul t ur es of pool ed l ymph nodes

f r om t hr ee r at s and t he var i at i on was al ways <10%.

* Mur ami c aci d equi val ent s .

TABLE V

Ser ol ogi cal Rel at i onshi p bet ween SCWand t he Mycobact er i al 65- kD Pr ot ei n

The r eact i vi t y of pol ycl onal r at ser a wi t h a speci f i ci t y f or SCWor 65- kD pr ot ei n

wer e t est ed by ELI SA and bl ocki ng st udi es f or r eact i vi t y agai nst 65- kD pr ot ei n

and SCW. Ser a and monocl onal s wer e di l ut ed 1 : 200 . I nhi bi t or was added t o

f i nal concent r at i ons r angi ng f r om 0 t o 200 kg/ ml . Ser a wer e i ncubat ed f or 16 h

at 37° C and a subsequent 2 h at 4° C, and wer e cent r i f uged . Sups wer e t est ed

i n an ELI SA. Al l si gnal s wer e cor r ect ed f or nonspeci f i c bi ndi ng ( bi ndi ng of ser a

+ / - i nhi bi t or t o mi cr ot i t er pl at es pr epar ed as descr i bed but wi t h omi ssi on of

t he ant i gen- coat i ng st ep) .

459

Di scussi on

Bot h cl i ni cal and exper i ment al dat a pr ovi de evi dence t hat bact er i a pl ay a r ol e i n
t he i nduct i on or mai nt enance of ar t hr i t i s ( 1- 12) . Two ani mal model s used t o st udy

t hi s ar e AA ( 2) and SCWi nduced ar t hr i t i s ( 1) . Bot h model s ar e i nduci bl e i n Lewi s

r at s, but di f f er i n t he way of i nduct i on : AA i s i nduced by subcut aneous i nj ect i on

Ser um

speci f i ci t y Coat ed Ag I nhi bi t i ng Ag

Per cent i nhi bi t i on at

i nhi bi t or ( ug/ ml )

12 . 5 25 50

SCW SCW SCW 25 36 64

65- kD pr ot ei n 0 19 30

65- kD SCW 0 6 20

65- kD pr ot ei n 8 26 51

65- kD pr ot ei n SCW SCW 34 60 58

65- kD pr ot ei n 10 21 32

65- kD SCW 12 15 27

65- kD pr ot ei n 22 56 71

Ant i gen Dose

Wgl ml

Pr ol i f er at i ve

9 d af t er

65- kD pr ot ei n/ I FA

r esponse

i mmuni zat i on wi t h :

SCW/ I FA I FA

SCW 6 12 . 1 48 . 1 1 . 6

2 6. 5 20 . 6 1 . 1

0. 6 4. 1 8. 3 1 . 2

65- kD pr ot ei n 10 20 . 0 25 . 4 7 . 9

3 10 . 5 11 . 1 2 . 7

1 4. 6 6 . 4 1 . 1

Con A 1 . 3 143 . 0 163. 0 149. 2
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of a suspensi on of ki l l ed mycobact er i a ( 1 mg) i n oi l , and SCWar t hr i t i s i s i nduced

by an i nt r aper i t oneal i nj ect i on of an aqueous suspensi on of SCW( 10- 15 mg) . I n

AA, a pol yar t hr i t i s devel ops 2- 3 wk af t er i nduct i on, whi ch wanes af t er anot her 4 wk,

wher eaf t er r at s ar e r esi st ant t o a subsequent AA i nduct i on . I mmedi at el y af t er i nj ec-

t i on of SCW, however , an acut e syst emi c i l l ness i s obser ved t hat l ast s f or 3- 5 d, f ol -

l owed by a chr oni c pol yar t hr i t i s on week 2- 3 wi t h a dur at i on r angi ng f r om2 t o 6 mo.

Al so wi t h r espect t o t he pat hogenet i c mechani sm, t he model s ar e consi der ed t o

be di f f er ent . I n AA i t i s obvi ous t hat mycobact er i um- speci f i c Tl ymphocyt es, of whi ch

some cr ossr eact wi t h car t i l age, can be r esponsi bl e f or t he di sease ( 17- 22) , whi l e i n

SCWar t hr i t i s t he most i mpor t ant r ol e was t hought t o be pl ayed by ant i gen per -

si st i ng i n t he j oi nt i n concer t wi t h macr ophages t r yi ng t o degr ade t he mat er i al ( 23,

47, 48) . I n addi t i on, AAi s t r ansf er abl e t o nai ve r at s by M. t uber cul osi s- speci f i c l ymph

node or spl een cel l s or by a T cel l cl one ( 17- 22) , wher eas si mi l ar t r ansf er s i n SCW

ar t hr i t i s have not been descr i bed yet . Mor e r ecent st udi es, however , suggest ed al so

i n SCWar t hr i t i s an i mpor t ant i f not det er mi ni ng r ol e f or ( SCW- speci f i c) T l ympho-

cyt es ( 15, 16, 24, 49, and van den Br oek, M. F, M. C. J. van Br uggen, A. J . Sever i j ni n,

and W. B. van den Ber g, manuscr i pt submi t t ed f or publ i cat i on) .

Ar ecent st udy i n t he AA model ( 13) demonst r at ed t hat admi ni st r at i on of a smal l

amount of an i mmunodomi nant mycobact er i al pr ot ei n, t he 65- kD pr ot ei n, i n oi l

t o r at s 35 d bef or e ar t hr i t i s i nduct i on, made t hose r at s compl et el y r esi st ant t o AA.

Thi s 65- kD pr ot ei n i s i mmunol ogi cal l y r el at ed t o a si mi l ar l y si zed ubi qui t ous bac-

t er i al common ant i gen ( 26) and shows homol ogy wi t h pr okar yot i c and eukar yot i c

heat shock pr ot ei ns ( 50) . Because of t he homol ogy wi t h pr ot ei ns of ot her bact er i a

and t he cl ear r el at i onshi p bet ween bact er i al i nf ect i ons of di f f er ent ki nd and j oi nt

i nf l ammat i on, we t est ed t hi s mycobact er i al 65- kD pr ot ei n wi t h r espect t o i t s capaci t y

t o vacci nat e agai nst ar t hr i t i s i nduced by gr oup Ast r ept ococci , bact er i a t hat ar e un-

r el at ed t o mycobact er i a .

Her e we pr esent , i n concor dance wi t h t he f i ndi ngs i n AA, t hat SCW- i nduced ar -

t hr i t i s i n Lewi s r at s can be pr event ed by pr et r eat ment of t he r at s wi t h t he mycobac-

t er i al 65- kDpr ot ei n . Al so, we show t hat pr ot ect i on by 65- kD pr ot ei n i s equal l y suc-

cessf ul when r at s ar e i nj ect ed wi t h 65- kD pr ot ei n 25, 15, or even as shor t as 5 d

bef or e ar t hr i t i s i nduct i on . Thi s suggest s t hat t he pr ot ect i on t akes at t he most 5 d

t o devel op compl et el y and l ast s f or 35 d or maybe even l onger .

An obvi ous quest i on ar i si ng f r omt hese obser vat i ons i s whi ch mechani sm coul d

be r esponsi bl e f or t hi s . To addr ess t hi s quest i on we anal yzed t he cel l ul ar and hu-

mor al i mmune r esponse t o SCWi n pr ot ect ed and cont r ol r at s . Regar di ng t he hu-

mor al i mmune r esponse, no di f f er ence i n ant i - SCWant i bodi es coul d be det ect ed

bet ween t he pr ot ect ed or cont r ol r at s, suggest i ng t hat ant i - SCWant i bodi es ar e of

mi nor , i f of any, i mpor t ance wi t h r espect t o expr essi on of SCWar t hr i t i s . Thi s i s

i n agr eement wi t h ear l i er st udi es i n t he SCWar t hr i t i s model ( 16, 51) . A di f f er ent

pi ct ur e i s obt ai ned when t he cel l ul ar i mmune r esponse i s anal yzed . T cel l s f r om

successf ul l y pr ot ect ed r at s showed al most no pr ol i f er at i ve r esponse t o SCWi n vi t r o,

whi l e T cel l s f r omcont r ol ar t hr i t i s r at s di spl ayed a vi gor ous SCW- speci f i c r esponse .

Thi s conf i r ms t he i nvol vement of SCW- speci f i c T l ymphocyt es i n chr oni c SCWar -

t hr i t i s ( 16, 24, 49, and van den Br oek, M. F. , M. C. J . van Br uggen, A. J . Sever i j nen,

and WB. van den Ber g, manuscr i pt submi t t ed f or publ i cat i on) . And because pr et r eat -

ment wi t h 65- kDpr ot ei n had no ef f ect at al l on zymosan- i nduced ar t hr i t i s ( nonspeci f i c
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i nf l ammat or y r eact i on) or on a DTHr eact i on t o a pr ot ei n ant i gen ( cel l ul ar i mmune

r esponse) , t he possi bi l i t y t hat t he 65- kD pr ot ei n act i vi t y i s a nonspeci f i c i mmunosup-

pr essi ve or andi nf l ammat or y one coul d be excl uded .
Apecul i ar obser vat i on i s t he suppr essi on of t he pr ol i f er at i ve r esponse t o mi t ogen

i n 65- kD pr ot ei n- pr et r eat ed, SCWi nj ect ed r at s . The expl anat i on coul d be t hat by

i nt r aper i t oneal i nj ect i on of t he mycobact er i al 65- kD heat shock pr ot ei n, t he r at i s

pr i med f or suppr essi on or t ol er ance t o ar t hr i t ogeni c bact er i al epi t opes . Af t er an SCW

i nj ect i on i n 65- kD pr ot ei n- pr et r eat ed r at s, suppr essi on of SCWi nduced ar t hr i t i s

i s t her ef or e el i ci t ed, and, as i mmunosuppr essi on of t en has nonspeci f i c aspect s i n

i t s ef f ect or phase, suppr essi on of t he mi t ogen- dr i ven pr ol i f er at i on i s al so seen . Thi s

expl anat i on i s suppor t ed by t he dat a shown . i n Tabl e I I I : t he OVA- speci f i c DTH

r eact i on i s onl y suppr essed i n 65- kD pr ot ei n- pr et r eat ed r at s when t hese r at s ar e

" chal l enged" wi t h SCW.

The r eason why pr et r eat ment wi t h whol e mycobact er i a i nst ead of t he i sol at ed i m-

munodomi nant pr ot ei n does not i nduce pr ot ect i on agai nst SCWi nduced ar t hr i t i s,

but i nduces an anaphyl act i c ki nd of hyper sensi t i vi t y, i s not cl ear yet . Thi s phenomenon

obvi ousl y does not occur i n t he same way f or al l bact er i al st i mul i , because pr et r eat -

ment wi t h whol e S. pyogenes does not i nduce t hi s l et hal hyper sensi t i vi t y t o SCWbut

r at her pr i mes . Thi s l et hal hyper sensi t i vi t y r eact i on al so i ndi cat es t he i mmunol og-

i cal r el at i onshi p bet ween some ant i gens pr esent i n bot h mycobact er i a and st r ept ococci .

Al so, i n ot her ani mal model s f or aut oi mmune di seases t he i nduct i on of t ol er ance

t o cer t ai n di sease- i nduci ng epi t opes has been demonst r at ed . I n exper i ment al al l er gi c

encephal omyel i t i s ( 28, 29) and col l agen- i nduced ar t hr i t i s ( 30, 31) , pr et r eat ment wi t h

f r agment s of t he i nduct or y pr ot ei n ( but not t he i nduci ng agent i t sel f ) or wi t h t he

i nt act pr ot ei n when admi ni st er ed or al l y compl et el y pr ot ect ed ani mal s agai nst t he

di sease, or at l east del ayed t he onset and di mi ni shed t he sever i t y . Li ke i n t he st udy

pr esent ed her e, i n exper i ment al al l er gi c encephal omyel i t i s t he myel i n basi c pr o-

t ei n- speci f i c T cel l r esponses wer e sever el y suppr essed i n pr ot ect ed Lewi s r at s whi l e

T cel l r esponses t o i r r el evant ant i gens wer e nor mal .

Compat i bl e wi t h t hese f i ndi ngs seems t o be t he obser vat i on of Kohashi et al . ( 52) ,

who showed t hat AA- r esi st ant F344 r at s ( convent i onal , CV, or speci f i c pat hogen-

f r ee) became suscept i bl e when kept at ger m- f r ee condi t i ons . Upon r ecol oni zat i on

wi t h l i ve bact er i a, t he suscept i bi l i t y t o AA decr eased agai n . One mi ght concl ude

f r omt hese dat a t hat cer t ai n ant i gens pr esent on endogenous bact er i a may somehow

i nduce t ol er ance t o bact er i al ar t hr i t ogeni c epi t opes . I n addi t i on, convent i onal F344

r at s ar e r esi st ant t o SCWi nduced ar t hr i t i s and al so, t hi s r esi st ance mi ght be due

t o act i ve suppr essi on of SCWspeci f i c and t hus of cr ossr eact i ve ant i car t i l age T cel l

r esponses ( 16, 25) . Al so, t he l at t er obser vat i on suppor t s t he vi ew of t ol er ance as a

mechani smf or r esi st ance.

Resi st ance t o SCWi nduced ar t hr i t i s can be t r ansf er r ed i nt o nai ve r at s by spl een

cel l s f r om 65- kD pr ot ei n- t r eat ed r at s ( Fi g . 4) , l eavi ng a r ol e f or whet her T cel l s

( ant i gen- speci f i c) , macr ophages ( nonspeci f i c) , or bot h ar e r esponsi bl e f or t he pr o-

t ect i on . The f act , however , t hat i sol at ed T cel l s f r omspl eens f r om65- kD pr ot ei n- pr o-

t ect ed r at s wer e even mor e capabl e t han unpur i f i ed spl een cel l s t o t r ansf er pr ot ec-

t i on, st r ongl y suggest s a r ol e f or T cel l s al one .

Exper i ment s i n ot her model s suggest a r ol e f or ant i gen- speci f i c suppr essor Tl ym-

phocyt es ( 53- 55) . I f a l ack of t ol er ance i s t he r eason f or ar t hr i t i s suscept i bi l i t y, t hi s
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t hen suggest s i n t he mean t i me t hat t he Lewi s r at i s def ect i ve i n bui l di ng t ol er ance

t o cer t ai n bact er i al epi t opes or t o ant i gens i n gener al . The f act t hat most model s

f or aut oi mmune di sease ar e i nduci bl e i n t he Lewi s r at and of t en i n t he Lewi s r at

onl y i s at l east not cont r adi ct or y t o t hi s st at ement .

Our at t empt s t o i nt er f er e wi t h SCW- i nduced ar t hr i t i s i n a sense of cur i ng wer e

not successf ul . I nst ead of a decr eased j oi nt swel l i ng, we obser ved an acut e exacer ba-

t i on of t he ar t hr i t i s, whi ch mani f est ed i t sel f as r edness, swel l i ng, and a compl et e

i nabi l i t y t o wal k, whi l e bef or e i nj ect i on of 65- kD pr ot ei n ( 50 p, g i . p . ) , an i nf er i or

ki nd of wal ki ng was possi bl e . The exacer bat i on occur r ed 4 d af t er 65- kD pr ot ei n

admi ni st r at i on and waned wi t hi n 10- 14 d. We obser ved t hi s f eat ur e i n an SCW-

i nduced ar t hr i t i s t hat had j ust come t o expr essi on ( 15 d) and i n a f ul l y est abl i shed

chr oni c phase ( 35 or 55 d) . Thi s obser vat i on was not compl et el y unexpect ed because

of our ( 56, 57, and van den Br oek, M. F. , M. C. J . van Br uggen, A. J . Sever i j nen,

and W. B. van den Ber g, manuscr i pt submi t t ed f or publ i cat i on) exper i ence and t hat

of ot her s ( 58, 59) wi t h r eact i vat i ons of j oi nt i nf l ammat i on i n di f f er ent ar t hr i t i s model s .

Exacer bat i ons of ar t hr i t i s occur af t er syst emi c chal l enge wi t h smal l amount s of t he

r el evant ant i gen and t he expr essi on t her eof i s dependent on ant i gen- speci f i c T l ym-

phocyt es .

Tol er ance i nduct i on t o SCWby 65- kD pr ot ei n demands i mmunol ogi cal si mi l ar i t y

bet ween 65- kD pr ot ei n and SCWThi s si mi l ar i t y i s pr esent bot h at t he T cel l and

at t he humor al l evel . Looki ng at epi t opes wi t h t he use of ant i - 65- kD monocl onal s,

we f ound t hat ( at l east ) t wo di st i nct 65- kD pr ot ei n- speci f i c epi t opes wer e pr esent

i n SCWpr epar at i ons . At t he moment st udi es ar e under t aken t o see whet her t he

mi ni mal epi t ope as def i ned i n AA ( ami no aci d 180- 188, [ 13] ) al so pl ays a si mi l ar

r ol e i n SCW- i nduced ar t hr i t i s .

Summar y

We r epor t t hat st r ept ococcal cel l wal l ( SCW) - i nduced ar t hr i t i s i n r at s, a T cel l - de-

pendent chr oni c, er osi ve pol yar t hr i t i s, can be pr event ed by pr et r eat ment of t he r at s

wi t h t he mycobact er i al 65- kD heat shock pr ot ei n . Thi s 65- kD pr ot ei n shows ext en-

si ve ami no aci d homol ogy wi t h pr okar yot i c and eukar yot i c 65- kD heat shock pr o-

t ei ns and i s a ubi qui t ous bact er i al common ant i gen.

Bot h t he cl i ni cal and hi st opat hol ogi c mani f est at i ons of t he ar t hr i t i s wer e pr event ed

compl et el y when r at s wer e pr et r eat ed wi t h 50 t t g of 65- kDpr ot ei n i nt r aper i t oneal l y

at 35, 25, 15, or 5 d bef or e admi ni st r at i on of SCW. I n such pr ot ect ed r at s, SCW-

speci f i c T cel l r esponses wer e suppr essed, as compar ed wi t h r esponses i n ar t hr i t i c

r at s . Pr et r eat ment wi t h 65- kDpr ot ei n had no ef f ect on t he pr oduct i on of ant i bodi es

agai nst SCW, on a nonspeci f i c i nf l ammat or y r eact i on ( zymosan- i nduced ar t hr i t i s) ,

or on gener al cel l ul ar i mmuni t y i n vi vo ( del ayed t ype hyper sensi t i vi t y r eact i on t o

a nonr el at ed pr ot ei n ant i gen) . Fur t her mor e, t he pr ot ect i on agai nst SCWar t hr i t i s

was t r ansf er abl e by spl eni c T cel l s t o nai ve r eci pi ent s .

Our dat a show t hat pr et r eat ment wi t h t he 65- kD mycobact er i al heat shock pr o-

t ei n pr ot ect s r at s agai nst a subsequent bact er i um- i nduced ar t hr i t i s . Thi s pr ot ect i on

i s i mmunol ogi cal l y speci f i c and r esi des i n t he l ymphoi d cel l popul at i on .

We t hank A. J . Sever i j nen ( Er asmus Uni ver si t y, Rot t er dam) f or t he cont i nuous suppl y of
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