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A N T IC Y T O K IN E  T R E A T M E N T  O F E S T A B L IS H E D  

T Y P E  II C O L L A G E N -IN D U C E D  A R T H R IT IS IN  D B A /1  M IC E

A  C o m p a ra tiv e  S tu d y  u s in g  A n t i-T N F a , A n t i- I L - lo //3 , an d  I L -I R a

L E O  A . B . J O O S T E N , M O N I Q U E  M . A . H E L S E N ,  F O N S  A . J .  v a n  d e  L O O , a n d

W IM  B . v a n  d e n  B E R G

Objective. T o  e x a m in e  th e  ro le  o f  tu m o r  n e c ro s is  

f a c to r  a  (T N F a) , i n t e r l e u k i n - l a  ( I L - l a ) ,  a n d  UL-lfi in  

c o lla g e n - in d u c e d  a r t h r i t i s  (C IA ) , im m e d ia te ly  a f t e r  o n 

se t a n d  d u r in g  th e  p h a s e  o f  e s ta b l is h e d  a r th r i t i s .

Methods. M a le  D B A /1  m ic e  w i th  c o l la g e n -  

in d u c e d  a r th r i t i s  w e re  t r e a t e d  w ith  a n t ib o d ie s  a g a in s t  

m u r in e  T N F  a  a n d  I L - l a / / ?  a t  d i f f e r e n t  t im e  p o in ts  o f  

th e  d ise a se . IL -1  r e c e p to r  a n ta g o n is t  ( I L - I R a )  w a s  a d 

m in is te re d  u s in g  A lz e t o sm o tic  m in ip u m p s .  T h e  e ffec t o f  

a n tic y to k in e  t r e a tm e n t  w a s  m o n i to r e d  b y  v isu a l s c o r in g . 

H is to lo g y  a n d  c y to k in e  r e v e r s e  t r a n s c r ip t io n  p o ly m e ra s e  

c h a in  re a c t io n  (R T -P C R )  a n a ly s e s  w e re  p e r f o r m e d  a t  

th e  e n d  o f  th e  t r e a tm e n t  p e r io d .

Results. A n t i - T N F a  t r e a tm e n t  sh o w e d  efficacy  

s h o r tly  a f te r  o n se t o f  th e  d is e a s e , b u t  h a d  li t t le  e ffec t o n  

fu lly  e s ta b lis h e d  C IA . H is to lo g ic  a n a ly s is  a f t e r  e a r ly  

t r e a tm e n t  r e v e a le d  t h a t  a n t i - T N F a  s ig n if ic a n tly  r e 

d u c e d  jo in t  p a th o lo g y , a s  d e te r m in e d  b y  in f i l t r a t io n  o f  

in f la m m a to ry  cells  a n d  c a r t i la g e  d a m a g e .  A n t i - I L - l a / / ?  

t r e a tm e n t  a m e l io ra te d  b o th  e a r ly  a n d  fu ll-b lo w n  C IA . 

T h is  c le a r  s u p p re s s io n  o f  e s ta b l is h e d  a r t h r i t i s  w a s  c o n 

f irm e d  b y  a d m in is t r a t io n  o f  h ig h  d o se s  o f  I L - I R a .  

D o se -re sp o n se  e x p e r im e n ts  s h o w e d  t h a t  a  c o n tin u o u s  

su p p ly  o f  1 m g /d a y  w a s  n e e d e d  f o r  o p t im a l  s u p p re s s io n .  

H is to lo g ic  a n a ly s is  sh o w e d  m a r k e d ly  r e d u c e d  c a r t i la g e  

d e s tru c t io n  b o th  in  th e  k n e e  a n d  th e  a n k le  jo in ts .  

A u to ra d io g ra p h y  d e m o n s t r a te d  fu ll r e c o v e ry  o f  c h o n 

d ro c y te  sy n th e tic  fu n c tio n  o f  a r t i c u l a r  c a r t i la g e .  I n

L e o  A . B . J o o s te n , M o n iq u e  M . A . H e ls e n , F o n s  A . J. van  

de L o o , P h D , W im  B . van d en  B e r g , P hD : U n iv e r s ity  H o sp ita l 
N y m e g e n , N ijm eg en , T h e  N e th e r la n d s .

A d d ress  reprin t req u ests  to  W im  B . v a n  d en  B erg , P h D , 

P ro fesso r  o f  E x p er im en ta l R h e u m a to lo g y , D ep a rtm en t o f  R h eu m a 
to lo g y , U n iv e r s ity  H o sp ita l N ijm e g e n , P .O . B o x  9 1 0 1 , 6500  H B  

N ijm eg en , T h e  N eth er la n d s .

S u b m itted  fo r  p u b lica tio n  S e p te m b e r  19, 1995; a c c e p te d  in  

rev ised  form  D e c e m b e r  19, 1995.

a d d i t io n ,  w e fo u n d  th a t  th e  IL -1 /3  iso fo rm  p la y s  a  

d o m in a n t  ro le  in  e s ta b lis h e d  C IA . P r o f o u n d  s u p p re s s io n  

o f  C IA  w a s  o b s e rv e d  w ith  a n t i - I L - 1 /3 ,  a l th o u g h  e l im i 

n a t io n  o f  b o th  I L - l a  a n d  IL -1 /3  s ti l l  g a v e  b e t te r  p r o te c 

t io n . A n a ly s is  o f  m e s s e n g e r  R N A  w ith  R T -P C R  re v e a le d  

th a t  IL -1 /3  w a s  h ig h ly  u p r e g u la te d  in  sy n o v iu m  a n d  

c a r t i la g e  a t  la te  s ta g e s  o f  C IA , w h e re a s  a n t i - IL -1 /3  

t r e a tm e n t  m a rk e d ly  r e d u c e d  IL -1 /3  m e ssa g e  in  th e  

s y n o v iu m .

Conclusion. T h e  p r e s e n t  s tu d y  id e n tif ie d  d if fe re n t 

T N F a /IL -1  d e p e n d e n c ie s  in  v a r io u s  s ta g e s  o f  C IA  a n d  

re v e a le d  th a t  b lo c k in g  o f  T N F  a: d o e s  n o t  n e c e ssa r ily  

e lim in a te  IL -1 . C o n t in u o u s ,  h ig h  d o se s  o f  I L - I R a  a r e  

n e e d e d  to  b lo c k  C IA .

R h e u m a to id  a r th r i t i s  (R A ) is  c h a r a c te r iz e d  b y  

c h r o n ic  in f la m m a tio n  in  j o i n t s  a n d  c o n c o m ita n t  d e 

s t r u c t io n  o f  c a r t i la g e  a n d  b o n e . A l th o u g h  th e  d is e a s e  is 

g e n e r a l ly  c o n s id e r e d  a n  a u to im m u n e  p r o c e s s ,  th e  a u to 

a n t ig e n  is  s ti l l  u n k n o w n ,  th u s  h a m p e r in g  s p e c if ic  

im m u n o m o d u la t io n  a s  a  s t r a ig h t f o r w a r d  th e r a p e u t ic  

a p p r o a c h .  I n  f a c t ,  d e ta i le d  a n a ly s e s  o f  m e d ia to r  p r o 

d u c t io n  in  in f la m e d  s y n o v ia l  t i s s u e  h a v e  r e v e a le d  a  

r e la t iv e  la c k  o f  T  c e ll  f a c to r s  a n d  a n  a b u n d a n c e  o f  

c y to k in e s  a n d  g r o w th  f a c to r s ,  w h ic h  a r e  p ro d u c e d  b y  

m a c r o p h a g e s  a n d  s y n o v ia l  f ib r o b la s ts  (1 ,2 ). F o r t u 

n a te ly ,  c o n s id e r a b le  h ie r a r c h y  s e e m s  to  e x is t  in  th is  

p l e th o r a  o f  f a c to r s ,  a n d  tu m o r  n e c r o s is  f a c to r  a 

( T N F a )  a n d  in t e r l e u k in - 1 ( IL -1 )  s e e m  o f  p iv o ta l im 

p o r t a n c e  in  a r th r i t i s  (3 -5 ) .  I t  h a s  b e e n  c la im e d  th a t  

T N F a  is d r iv in g  m o s t  o f  th e  IL -1  p r o d u c t io n  in  th e  

in f la m e d  s y n o v ia  o f  R A  p a t i e n t s  (6 ) , m a k in g  it a  p r im e  

t a r g e t  f o r  th e r a p y .  T h is  h a s  b e e n  f u r t h e r  s u b s ta n t ia te d  

b y  th e  d e m o n s t r a t io n  o f  a r th r i t i s  in  T N F a - t r a n s g e n ic  

m ic e  a n d  o f  th e  e f f ic a c y  o f  a n t i - T N F a  t r e a tm e n t  in 

c o l la g e n - in d u c e d  a r th r i t i s  (C IA )  in  th e  m o u se  (7 -9 ) .
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T h e  f i r s t  c l in ic a l  t r ia l s  w i th  n e u t r a l iz in g  a n t ib o d ie s  

a g a in s t  T N F a  h a v e  d e m o n s t r a t e d  e f f ic a c y  in  h u m a n s

w i th  R A  (1 0 -1 2 ) .

C I A  is  a  w id e ly  u s e d  e x p e r im e n ta l  m o d e l  o f  

p o ly a r th r i t i s .  I t  c a n  b e  in d u c e d  in  s u s c e p t ib le  s t r a in s  o f  

m ic e  a n d  r a t s  b y  im m u n iz a t io n  w i th  ty p e  I I  c o l la g e n , 

t h e  m a jo r  c o m p o n e n t  o f  a r t i c u l a r  c a r t i la g e ,  a n d  h a s  

h i s to p a th o lo g ic  f e a tu r e s  in  c o m m o n  w ith  R A  (1 3 -1 6 ) . 

E a r l i e r  s tu d ie s  r e v e a le d  t h a t  t h e  e x p r e s s io n  o f  th is  

a u to im m u n e  a r th r i t i s  c a n  b e  e n h a n c e d  w ith  p a s s iv e  

a d d i t io n  o f  c y to k in e s  l ik e  T N F a ,  I L - 1 ,  a n d  t r a n s f o r m 

in g  g r o w th  f a c t o r  ¡3 (T G F /3 ) , w h e r e a s  T G F /3  a n d  

a n t ib o d ie s  t o  T N F a  p r e v e n te d  t h e  o n s e t  o f  d is e a s e  

(1 7 -2 1 ) .  S u b s e q u e n t  s tu d ie s  u s in g  a n t ib o d ie s  a n d  s o l 

u b le  T N F a  r e c e p t o r  f u s io n  p r o te in  a n a ly z e d  t h e  e f fe c t  

o f  T N F a  n e u t r a l i z a t io n  a f t e r  th e  o n s e t  o f  C IA . S ig n if 

i c a n t  a m e l io r a t io n  w a s  f o u n d  b o th  m a c r o s c o p ic a l ly  

a n d  h is to lo g ic a l ly  (8 ,9 ,2 2 ) . H o w e v e r ,  r e c e n t  s tu d ie s ,  

u s in g  n e u t r a l iz in g  a n t ib o d ie s  t o  IL -1  in  C IA , s u g g e s t  

t h a t  e l im in a t io n  o f  th is  c y to k in e  w a s  a t  l e a s t  a s  e f fe c 

t i v e  (2 3 ,2 4 ). M o r e o v e r ,  s tu d ie s  in  o th e r  a r th r i t i s  m o d 

e ls  h a v e  p r o v id e d  e v id e n c e  t h a t  IL -1  is  p e r h a p s  n o t  

a lw a y s  th e  d o m in a n t  c y to k in e  in  th e  in f la m m a to ry  

p r o c e s s ,  b u t  is  c e r ta in ly  o f  p iv o ta l  im p o r ta n c e  in  

c a r t i l a g e  d e s t r u c t io n  (2 5 ,2 6 ) .

I n  th e  p r e s e n t  s tu d y ,  w e  c o m p a r e d  th e  r e la t iv e  

e f f ic a c y  o f  a n t i - T N F a  a n d  a n t i - I L - 1 a!fi t r e a tm e n t  in  

m u r in e  C I A , u s in g  c o n c o m i ta n t  t r e a tm e n t  p r o to c o ls  in  

la r g e  g r o u p s  o f  a r th r i t i c  m ic e .  M o r e o v e r ,  t r e a tm e n t  

w a s  s t a r t e d  a t  d i f f e re n t  t im e  p o in t s  a f t e r  th e  o n s e t  o f  

a r th r i t i s  a n d  in  a d d i t io n  to  m a c r o s c o p ic  s c o r e s  f o r  

a r t h r i t i s ,  w e  in v e s t ig a te d  th e  h is to p a th o lo g y  in  s e c 

t i o n s  o f  k n e e s  a n d  a n k le  j o i n t s .  I t  w a s  fo u n d  th a t  

a n t i - T N F a  w a s  e f f e c t iv e  a t  t h e  o n s e t  o f  a r th r i t i s  b u t  

l e s s  so  a t  l a t e r  s ta g e s ,  w h e r e a s  a n t i - I L - 1 at(3 w a s  a ls o  

h ig h ly  e f f e c t iv e  in  e s ta b l i s h e d  d i s e a s e ,  w ith  a  m a jo r  

e m p h a s i s  o n  r e d u c t io n  o f  c a r t i l a g e  d e s t r u c t io n .  W e  

c o n f i r m e d  t h e  im p o r ta n c e  o f  I L - 1 ,  u s in g  IL -1  r e c e p to r  

a n ta g o n i s t  ( I L - I R a )  t r e a tm e n t .  A  c r i t ic a l  o b s e r v a 

t io n  in  t h e  l a t t e r  e x p e r im e n ts  w a s  th e  n e e d  o f  c o n t in 

u o u s ,  h ig h  c o n c e n t r a t io n s  o f  I L - I R a ,  s u p p l ie d  b y  

o s m o t ic  m in ip u m p s .  F in a l ly ,  w e  e x a m in e d  th e  r e la t iv e  

r o le  o f  IL -1 /3  a n d  IL -1  a  a n d  a n a ly z e d  m e s s a g e  e x p r e s 

s io n  in  s y n o v iu m  a n d  c a r t i la g e  f o r  T N F a ,  IL -1 /3 , a n d  

I L - I R a .  I t  is  c l e a r  f r o m  o b s e r v a t io n s  in  th is  a n im a l 

m o d e l  t h a t  I L -  l i s a  p iv o ta l  m e d ia to r  in  b o th  e a r ly  a n d  

l a t e  d i s e a s e ,  w h e r e a s  b lo c k in g  o f  T N F a  d o e s  n o t  

n e c e s s a r i l y  e l i m i n a t e  I L - 1 .  G iv e n  t h e  c a r t i l a g e -  

d e s t r o y in g  c h a r a c t e r  o f  I L - 1 ,  th i s  a r g u e s  a t  l e a s t  f o r  a

c o n s id e r a t io n  o f  b o th  T N F a  a n d  IL -1  a s  th e r a p e u t ic  

ta r g e ts  in  R A .

M A T E R IA L S  A N D  M E T H O D S

A nim als. M ale  DBA/1 L ac /J  m ice w ere  ob ta ined  

from  Jack so n  L a b o ra to rie s  (B ar H a rb o r, M E ). M ale C57B1/6 

m ice, u sed  fo r in d u c tio n  o f s trep to co cca l cell w all (SCW ) 

a rth ritis , w ere  b re d  in o u r  ow n  facilities. M ice w ere  housed  

in filter to p  cag es , an d  w a te r and  food  w ere  p ro v id ed  ad  

lib itum . DBA/1 m ice w ere  im m unized  a t th e  age o f  9-10  

w eeks and  C57B1/6 m ice  w ere  u sed  a t th e  age o f  10-12 

w e e k s .

M ateria ls . L P S  (Escherichia coli 0111 :84), e th id ium  

b ro m id e , h am ste r Ig , ra t Ig , rab b it Ig, and  bov ine  serum  

album in (BSA ) w e re  p u rch ased  from  Sigm a (S t. L o u is , M O). 

Taq D N A  p o ly m erase , 100-bp D N A  m ark er, T R Izo l reagen t, 

and  ag aro se  w e re  o b ta in ed  from  L ife  T echno log ies (B reda, 

T h e  N e th e rlan d s). G A P D H , ^ -m ic ro g lo b u lin  ( /^ -m ), IL-1/3, 

IL -IR a , T N F a , an d  tissu e  in h ib ito r o f  m eta llo p ro te in ases  

(TIM P) p rim ers  w ere  p u rch ased  from  P h arm ac ia  B io tech  

(R oosendaal, T h e  N eth erlan d s). In te rn a l D N A  co n stru c t 

(Pm us) w as a  k ind  gift o f  D r. D . Shire (Sanofi R ech erch e , 

Labfcge, F ran ce ) (27). F re u n d ’s com ple te  ad ju v an t (FC A ) 

and  Mycobacterium tuberculosis (M T; stra in  H 37R a) w ere 

o b ta in ed  fro m  D ifco  (D etro it, M I). O sm otic  m inipum ps 

(m odel 1007D) w ere  p u rch ased  from  A lza (Palo  A lto , CA).

C ells p ro d u c in g  ra t an ti-m urine T N F a  Ig G l (V Iq) 

w ere  a k ind g ift o f  P . H . K ram m er (G erm an  C an ce r R e 

sea rch  C en tre , H eide lberg , G erm any) (28). R ab b it an ti 

m urine  IL-1 a//3 p o ly c lo n a l an tibod ies w ere  p re p a re d  in o u r 

ow n la b o ra to ry  b y  o n e  o f  us (A A JV D L ) (25,26). P o lyclonal 

rabb it anti-m urine IL-1 a  and m onoclonal h am ste r anti-m urine 

IL-1 ¡3 w ere  generously  provided by R obert S chre iber (W ash 

ington U niversity  M edical School, S t L ouis, M O ), in conjunc 

tion  w ith  M erck  R esearch  L aboratories (Rahw ay, N J). H um an 

recom binant IL -IR a  w as kindly provided by  Synergen «'Boul

der, CO).

Collagen p rep a ra tio n . A rticu la r cartilage  w as ob 

ta in ed  fro m  th e  k n ee  jo in ts  o f  1-2-year-old  cow s. B ovine 

ty p e  II collagen w as p rep a red  accord ing  to  th e  m ethod  o f 

M iller and  R h o d es  (29). C ollagen w as d isso lv ed  in 0.05M  

ace tic  acid  (10 m g/m l) and  s to red  a t -7 0 °C .

Induction  of C IA . B ovine ty p e  II co llagen  w as d ilu ted  

w ith  0.05M ace tic  ac id  to  a  co n cen tra tio n  o f  2 m g/m l and  w as 

em ulsified  in  an  eq u a l volum e o f  FC A  (2 m g/m l o f  M T 

H 37R a). T he  m ice  w e re  im m unized in traderm ally  a t th e  base  

o f  th e  tail w ith  100 /xl o f  em ulsion  (100 n% o f  collagen). O n 

day  21, the  an im als w ere  given b o o s te r in jec tions in traperi- 

ton ea lly  w ith  100 /ug o f  type II  collagen d isso lv ed  in  p h o s 

p h a te  buffered  sa line  (PBS). T his re su lted  in th e  o n se t o f 

a rth ritis  a round  d ay  28 in 20-40%  o f th e  m ice. M ice w ith  

a rth ritis  w ere  se lec ted  a t  th is tim e p o in t to  be u sed  in stud ies 

o f  “ c la ss ic ”  C IA .

A cceleration o f CIA . M ice w ithou t an y  m acro sco p ic  

signs o f  a rth ritis  on  d ay  28 w ere  u sed  fo r  L P S -acce le ra ted  

C IA . A rth ritis  o n se t w as in itia ted  by  a  single in trap e rito n ea l 

in jec tion  o f  40 ng  o f  L P S  (30). T his re su lted  in  th e  o n se t o f  

C IA  w ith in  3 d ay s , an d  on day  35, fu ll-b low n a rth ritis  w as
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noted  in th e  paw s o f  m ore  th a n  95%  o f  th e  an im als. T h u s , 

an ticy tok ine  trea tm en ts  w ere  p e rfo rm e d  in 2 C IA  m odels: 

c lassic  an d  acce le ra ted . T he h is to p a th o lo g ic  ch an ges in  the  

knee and  ank le  jo in ts  w ere  c o m p a ra b le  in  a c c e le ra te d  C IA  

and c lassic  C IA . A s d esc rib ed  p re v io u s ly , ad m in is tra tio n  o f  

40 n% o f  L P S  to  non im m unized  D B A /1 m ice  d id  no t re su lt in 

any m acro sco p ic  o r  h isto log ic  ab n o rm a litie s  (31).

A ssessm ent o f C IA . M ice  w e re  ex am in ed  v isually  fo r 

the ap p ea ran ce  o f  a rth ritis  in  th e  p e rip h e ra l jo in ts , and 

scores fo r  a rth ritis  sev erity  w e re  g iven  (m acro sco p ic  sco re) 

as p rev io u sly  d escrib ed  (24,31). M ice  w ere  co n sid e red  to  

have a rth ritis  w hen  significant ch an g es  in  red n ess  an d /o r 

sw elling w ere  no ted  in  th e  d ig its  o r  in  o th e r  p a rts  o f  a t  least 

2 paw s. A t la te r  tim e p o in ts , an k y lo sis  w as  a lso  in c lu d ed  in  

the  m acro sco p ic  scoring .

T he clin ical sev erity  o f  a r th r itis  w as g raded  on a 

scale o f  0 -2  fo r each  p aw , a c c o rd in g  to  ch an g es in  re d n e ss  

and sw elling (0 =  no  ch an g e , 0 .5 =  sign ifican t, 1.0 =  

m odera te , 1.5 =  m ark ed , an d  2 .0  =  m ax im al sw elling  and  

red n ess and  la te r, anky losis). T h e  m a c ro sc o p ic  sco re  w as 

the cum ula tive  value fo r  all p a w s  (m ean  ±  SD ), w ith  a  

m axim um  o f  8. T he m ac ro sco p ic  sc o re  w as a sse sse d  by 2 

in d ep en d en t, b linded  o b se rv e rs  (L A B J, M M  A H ).

N eutralizing  an ticy tok ine  an tib o d ie s /IL -lR a . H y b rid - 

om a cells (3 x  106) p ro d u c in g  ra t  an ti-m u rin e  T N F a  (V lq )  

w ere in jec ted  in to  n u d e  B alb /c  m ice , an d  a f te r  3 w e e k s , 

asc ites fluid w as co llec ted . T h e re a f te r  Ig  w e re  iso la ted  using  

a  p ro te in  G co lum n. T his a n tib o d y  (Ig G l)  sh o w ed  efficacy in 

L P S -m ed ia ted  le tha l sh o ck  m o d e ls  (28) an d  in th e  L929 

b ioassay . T h e  neu tra liz ing  c a p a c ity  o f  th is  an tib o d y  w as 3.5 

ng o f  T N F a  p e r  /¿g in th e  la tte r  a ssa y . P o ly c lo n a l rab b it 

an tibod ies w ere  ra ised  ag a in st m u rin e  re c o m b in a n t I L - l a  

and IL-1/3 (25,26). T h e  iso ty p e -sp ec ific  an tib o d ies  sh o w ed  

no c ro ss-reac tiv ity  w ith  a  n u m b e r o f  o th e r  cy to k in es , such  as 

IL -6, T N F a , o r  g ra n u lo c y te -m a c ro p h a g e  co lo n y -stim u la tin g  

facto r. T h e  an tib od ies h av e  b e e n  d e m o n s tra te d  to  show  

neu traliz ing  capac ity  bo th  in  v itro  an d  in v ivo . O ne m icro 

gram  o f purified  Ig  n eu tra lized  50-100  pg o f  IL-1 in  th e  

NOB-1 b io assay . T o  confirm  th e  a n t i - I L - 1 a//3 tre a tm e n t 

resu lts , w e co m pared  the  in  v ivo  efficacy  o f  o u r  a n t i - I L - 1 

an tibod ies w ith  a n t i- IL -1 a n tib o d ie s  fro m  o th e r  so u rc e s . T o  

this en d , w e used  rab b it a n t i - I L - 1 a  an d  m on oclo na l h a m ste r  

a n ti-IL - 1(S (from  R o b ert S ch re ib e r) , w h ich  n eu tra lized  35 pg  

o f I L - l a  p e r  n% o f  an tib o d y  an d  175 pg o f  IL-1/3 p e r  jug o f  

an tibody , resp ec tiv e ly .

IL -IR a  w as ad m in is te red  u sin g  o sm o tic  m in ipum ps. 

Pum ps w ere  im p lan ted  in to  th e  p e rito n e a l cav ity  on  d ay  34 

after im m unization  (6 day s a f te r  a c c e le ra tio n  b y  L P S ), giving 

susta ined  re lease  o f  IL - IR a  fo r  th e  n ex t 7 d ay s. A ll an ti 

cy tok ine  agen ts used  c o n ta in e d  n o  L P S , a s  m easu red  by  th e  

Limulus am eb o cy te  assay .

A nticytokine tre a tm e n t o f C IA . T o  in v estig a te  th e  

effect o f  a n ti- IL - la //3  o r  a n t i-T N F a  tre a tm e n t a t d ifferen t 

ph ases o f  c lassic  C IA , a  single d o se  o f  th e se  an tib o d ies  w as 

in jected  in trap erito n ea lly  a t  d iffe ren t tim e  p o in ts  a f te r  th e  

onse t o f  C IA . W e in jec ted  0 .6  m g o f  rab b it a n t i - I L - l a  o r  

a n ti- IL -1/3 po lyc lonal an tib o d ie s  o r  75 /ig  o f  r a t  m o n o c lo n a l 

a n ti-T N F a . D o se -re sp o n se  e x p e rim e n ts  in  e s ta b lish e d  C IA  

w ere p erfo rm ed  w ith  0 .6  m g o f  p o ly c lo n a l rab b it a n t i - I L - l a

and  0 .12 m g o f  m onoclonal h a m ste r  an ti-IL -1 /3  (from  R o b e rt 

S ch re ib er) as the  h ighest d o se s , w h ich  h a d  th e  sam e n e u tra l 

izing cap ac ity  as 0 .6  mg o f  rab b it a n t i - I L - 1 a  and a n t i - IL -1/3 

as p rep a red  b y  one  o f  us (A A JV D L ). D aily  ad m in is tra tio n  o f  

a n ti-T N F a  w ere  p e rfo rm ed  during  a c c e le ra te d  C IA , w ith  a  

15-fxg d o se  o f  ra t a n ti-T N F a  fo r a  p e rio d  o f 7 d ay s . A s 

co n tro ls  in th e  a n ti- IL -1 /T N F a  s tu d ie s , w e  in jec ted  th e  sam e 

am o u n ts  o f  no rm al rab b it, ra t, o r h a m s te r  Ig .

IL -IR a  tre a tm e n t w as s ta r te d  on  d ay  34 a fte r  im m u 

n iza tio n  by  im p lan ta tion  o f  o sm o tic  m in ip u m p s, w h ich  r e 

leased  0 .1 2 -1 .2  mg o f  IL - IR a  p e r  d ay . A s a co n tro l, w e 

im p lan ted  o sm o tic  p u m p s, w hich  re le a se d  1.2 mg o f B S A  p e r  

day . A rth ritis  w as a sse sse d  e v e ry  2 d a y s , s ta rtin g  o n  d ay  28 

a fte r im m unization  w ith  co llagen . K n e e  and an k le  jo in ts  

w ere  iso la ted  and  p ro c e sse d  fo r  light m ic ro sco p y  7 d ay s a f te r  

the  s ta r t  o f  an ticy to k in e  tre a tm e n t, u n le ss  s ta ted  o th e rw ise . 

T is su e  sam p les  fo r  m e a su re m e n ts  o f  m e sse n g e r  R N A  

(m R N A ) w ere  also  iso la ted  a t th is tim e  p o in t.

Induction  o f  endotoxic shock . M ice , C57BJ/6 w e re  

iryected  in trav en o u sly  in to  th e  tail v e in  w ith  L PS  (100 ¡xg) in 

a  200-/ul saline so lu tion  an d  m o n ito red  fo r  su rv ival fo r  7 

d ay s. A ll dea th s o ccu rred  w ith in  3 d a y s  o f  L PS  ad m in is tra 

tion . R a t an ti-m urine  T N F a  (75 jug) w as  in jec ted  in tra p e r i 

ton ea lly  4 hours b e fo re  th e  in d u c tio n  o f  en d o to x ic  sh o ck .

SC W  p rep a ra tio n  an d  induction  o f  SCW  a r th r i t is .  

Streptococcus pyogenes T12 o rgan ism s w e re  cu ltu red  o v e r 

n ight in T o d d -H ew itt b ro th . Cell w alls  w ere  p rep a red  as 

d esc rib ed  p rev io u sly  (32). T h e  resu lting  10,000# su p e rn a ta n t 

w as u sed  th ro u g h o u t the  ex p erim en ts . T h e se  p re p a ra tio n s  

co n ta in ed  11% m uram ic acid . B a c te ria  w e re  kindly p ro v id e d  

by  D r. M . H a z e n b e rg  (E rasm u s U n iv e rs ity , R o tte rd am , T h e  

N e th e rlan d s). U n ila te ra l a rth ritis  w as in d u ced  by  in traa rtic -  

u la r  in jec tio n  o f  25 /ug o f  SC W  (dry  w eigh t) in 5 /ul o f  P B S  

in to  th e  righ t knee  jo in t o f  na ive  m ice . A s a  con tro l, PB S  w as 

in jec ted  in to  the  le ft knee  jo in t.

M easurem en t o f SC W -induced a r th r it is . SC W  a rth r i 

tis w as quan tified  b y  the  " " T c - u p ta k e  m ethod  (33). T h is  

m eth o d  m easu res  b y  ex te rn a l gam m a co u n tin g  the  a c c u m u 

la tio n  o f  a  sm all rad io iso to p e  a t th e  s ite  o f  inflam m ation  d u e  

to  local in c reased  blood flow  a n d  tis su e  sw elling. T h e  

sev e rity  o f  in flam m ation  is e x p re sse d  a s  th e  ra tio  o f  th e  

" mT c  u p ta k e  in th e  righ t (inflam ed) k n ee  jo in t o v e r  th a t in 

the  le ft (con tro l) knee  jo in t. All va lu es exceed ing  1.10 w ere  

co n sid e red  inflam m ation .

A n ti-T N F a  trea tm en t of S C W -induced  a r th r itis . T o  

ex am in e  th e  ro le  o f  T N F a  during  th e  o n se t o f  S C W -induced  

a r th ritis , a  single in jec tio n  o f  75 /ug o f  ra t a n ti-T N F a  an ti 

bod ies w as g iven , 1 h o u r befo re  in d u c tio n  o f  SC W , A s a 

co n tro l, w e used  75 fjg o f  ra t Ig. K n e e  jo in t  sw elling w as 

m easu red  o n  days 1, 2, and 4 o f  th e  a r th ritis .

RNA isolation. M ice w ere  killed by  cerv ica l d is lo c a 

tio n , im m ed ia te ly  fo llow ed  by  d issec tio n  o f  the  p a te lla  w ith  

ad jacen t synov ium  (34). T w o  sy n o v iu m  b iopsies (3-m m  

d iam e te r) w ere  tak en  w ith  a  d isp o s a b le  b io p sy  p u n ch  

(S tiefel, W a c h te rsb a ch , G erm an y ) fro m  th is  spec im en , o n e  

from  th e  la te ra l and  one  fro m  th e  m ed ia l side . T he sy n o v iu m  

sam ples w ere  im m ed ia te ly  fro zen  in liqu id  n itrogen . P a te llae  

w ere  tra n s fe rre d  to  a  5%  E D T A  so lu tio n  an d  kep t o n  ice  fo r 

4 h o u rs . T h e re a fte r , th e  ca rtilag e  la y e r  w as s trip p ed  as
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p rev io u sly  d esc rib ed  (35). T h is  p ro c e d u re  d o es  n o t affect 

m R N A  ex p ress io n .

T h e  to ta l R N A  o f  a po o l o f  10 cartilag e  sam ples w as 

e x trac te d  w ith  1 ml o f  T R Izo l re a g e n t, an  im proved  single- 

s tep  R N A  iso la tio n  m e th o d  b a se d  o n  th e  m e th o d  d e 

sc ribed  b y  C h o m czy n sk i and  S acch i (36). F iv e  sep a ra te  

synov ium  sam ples w e re  g ro u n d  in to  p o w d e r using  a  m icro- 

d ism em b ra to r I I  (B. B rau n , M elsu n g en , G erm any). T o ta l 

R N A  w as e x tra c te d  in  1 m l T R Izo l reag en t in a  p ro c ed u re  

sim ilar to  th a t u se d  fo r  cartilage  sam p les.

Polym erase chain  reac tio n  (PC R ) am plification. O ne 

m icrogram  o f synovial R N A  and th e  to ta l am ount o f cartilage 

R N A  w as u sed  fo r  re v e rse  tra n sc rip tio n  P C R  (R T-PC R ). 

M essen g er R N A  w as re v e rse - tra n sc r ib e d  to  co m p lem en tary  

D N A  (cD N A ) using  o ligo-dT  p rim ers  an d  o n e-tw en tie th  o f 

the cD N A  w as used  in 1 P C R  am plification. P C R  w as p e r 

fo rm ed  acco rd in g  to  a  s ta n d a rd  p ro to c o l. M essage  fo r 

G A P D H , IL-1/3, I l- IR a , and  T N F a  w as am plified using  th e  

p rim ers d esc rib ed  e lsew h ere  (37—40). P rim ers  fo r T IM P  w ere  

designed using  O ligo 4 .0  (N a tio n a l B io sc ien tis t, P lym ou th , 

M N ) o r  P rim er (W hiteh ead  In s titu te , C am bridge , M A ). T he  

resu lts  a re  p re se n te d  as th e  re la tiv e  in c rease  in m R N A  

ex p ress io n  co m p ared  w ith  no n in flam ed  co n tro l sam ples 

from  norm al D BA /1 m ice . T h e  re la tiv e  in c rease  in  m R N A  

w as ca lcu la ted  as  fo llow s: 1.9 (am plification  fa c to r  [41]) to  

th e  p o w er o f  n , w h e re  n is th e  d iffe rence  in th e  n u m b er o f  

cycles show ing  id en tica l s ta in in g  in te n s ity  fo r  ex p erim en ta l 

and  noninflam ed co n tro l tissu e . IL-1/3, T N F a , IL -IR a , and  

T IM P  m R N A  lev e ls  w e re  c o rre c te d  fo r  G A P D H  m essage, if  

needed .

T o  v a lid a te  th e  c a lc u la te d  v a lu es  fo r  the  m R N A  

lev e ls , w e also  p e rfo rm ed  co m p e titiv e  P C R  fo r j^ m  and  

IL-1/3 (27). A  seria l d ilu tio n  o f  an  in te rn a l D N A  stan d ard  

(Pm us) w as  ad d ed  to  a  fixed a m o u n t o f  cD N A  (o ne-tw en tie th  

o f  th e  cD N A ). T he IL-1/3 m R N A  lev e ls  w ere  co rrec ted  fo r 

th e  am o u n t o f  /32m.

Histology. M ice  w ere  k illed  b y  e th e r  an esth esia ; 

ank le  an d  k n ee  jo in ts  w ere  re m o v e d  an d  fixed fo r 4 days in 

4% fo rm alin . A fte r d éca lc ifica tio n  in  5%  form ic ac id , th e  

specim ens w ere  p ro c e sse d  fo r  paraffin  em bedding . T issu e  

sec tio ns (7 /um) w ere  s ta in ed  w ith  h em ato x y lin  and eosin  o r  

S afran in  O. H is to p a th o lo g ic  ch an g es  w ere  sco red  acco rd ing  

to  the  follow ing p a ra m e te rs . In filtra tion  o f  cells w as sco red  

on  a  scale  o f  0 -3 , d ep en d in g  on th e  am o u n t o f  inflam m atory  

cells  in th e  synov ia l c av ity  an d  sy n o v ia l tissu es . P ro teo g ly 

can  dep le tion  w as d e te rm in ed  u sin g  S afran in  O stain ing. T he  

loss o f p ro teo g ly can s  w as sc o re d  on a  scale  o f  0 -3 , ranging  

fro m  fully  sta ined  cartilag e  to  d e s ta in ed  cartilage  o r  com 

p le te  lo ss o f  a rticu la r  ca rtilag e . A  c h a ra c te ris tic  p a ram e te r in 

C IA  is th e  p ro g re ss iv e  lo ss o f  a r tic u la r  cartilage . T h is 

d e s tru c tio n  w as sep a ra te ly  g rad ed  on  a  scale  o f  0 -3 , ranging 

fro m  th e  ap p ea ran ce  o f  d ead  c h o n d ro c y te s  (em pty  lacunae) 

to  a  co m p le te  lo ss o f  a r tic u la r  cartilage . H is to p a th o lo g ic  

changes in th e  k n ee  jo in ts  w e re  sc o re d  in  th e  pa te llo fem ora l 

reg ion  on  5 sem i-seria l sec tio n s  o f  th e  jo in t. F o r  th e  ank le  

jo in t , w e sco red  th e  c a lc a n e o u s  reg io n . S coring  w as done  in 

a  b linded  m an n er b y  2 o b se rv e rs  (L A B J, M M A H ), as 

d esc rib ed  ea rlie r (24).

MACROSCOPIC SCORE
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DAYS AFTER IMMUNIZATION

F igure 1. T im e -c o u r se  o f  tu m or n ecro sis  fa c to r  a /in ter leu k in -1 

(T N F a /IL -1 )  in v o lv e m e n t  in  c la s s ic  c o lla g e n -in d u c e d  arthritis  

(C IA ). A  sin g le  trea tm en t w ith  a n t i-T N F a  or a n t i- I L -1 a//3 w a s g iven  

(A and B). A t tim e p o in ts  in d ica ted  by arrow s, sep arate  groups w ere  

in jected  w ith  e ith er  co n tro l Ig  o r  a n ticy to k in e . C IA  w as scored  

v isu a lly  b y  2  in d ep en d en t o b ser v ers  (0 -8  cu m u la tive  va lu e  for all 

p a w s; se e  M ateria ls and M e th o d s). T h is ex p er im en t w as repeated  

tw ic e , w ith  sim ilar o u tc o m e s . A , rat a n ti-T N F a , 75 ug; •

co n tro l rat Ig , 75 fig. B , ▲  =  rabb it a n t i- I L -1 a/(3, 0 .6  m g each ; •  =  

con tro l rabbit Ig , 1 .2  m g. V a lu es  are th e  m ean ±  S D  o f  at lea st 10 

m ice  per group (n =  3 ex p er im en ts) , i.p . =  in trap eriton ea l.

Statistical analysis. D ifferences b e tw een  ex p erim en 

ta l g roups w ere  te s te d  using  the  W ilcoxon ran k  te s t, un less 

s ta ted  o th erw ise .

R E S U L T S

T im e  c o u rs e  o f  T N F a / I L - 1  in v o lv e m e n t in  c lass ic  

C IA . A t  v a r io u s  t im e  p o in t s  a f t e r  th e  o n s e t  o f  c la s s ic  

C I A , m ic e  w e r e  g iv e n  a  s in g le  in t r a p e r i to n e a l  in je c t io n
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o f  a n t ib o d ie s  r a i s e d  a g a in s t  m u r in e  T N F a  o r  m u r in e  

I L - l a  a n d  IL -1 /3 . W h e n  7 5  /¿g o f  m o n o c l o n a l  

a n t i - T N F a  w a s  g iv e n  j u s t  a f t e r  o n s e t  ( d a y  3 0 ), a  

m a rk e d  r e d u c t io n  o f  a r th r i t i s  w a s  n o te d .  T h e  e f f e c t  

w a s  le s s  p r o n o u n c e d  w h e n  t r e a t m e n t  w a s  s t a r t e d  o n  

d a y  2 a f t e r  o n s e t  (d a y  3 2 ), w h e r e a s  n o  s ig n if ic a n t  r e l i e f  

w a s  s e e n  w h e n  t r e a tm e n t  w a s  d e la y e d  t i l l  d a y  7 a f t e r  

o n s e t  (F ig u re  1A ). I n  c o n t r a s t ,  a f t e r  n e u t r a l i z a t io n  o f  

IL -1  w ith  a  c o m b in a t io n  o f  a n t ib o d ie s  a g a in s t  b o th  

is o fo rm s , I L - l a  a n d  IL -1 /3 , c o m p le te  p r e v e n t i o n  o f  

C IA  o n s e t  w a s  n o te d  u p o n  e a r ly  t r e a t m e n t .  O f  i n t e r 

e s t ,  a  p r o n o u n c e d  s u p p r e s s io n  w a s  s t i l l  o b s e r v e d  w h e n  

t r e a tm e n t  w a s  g iv e n  o n  d a y  2 a f t e r  o n s e t .

U n l ik e  th e  e f fe c t  o f  a n t i - T N F a ,  a n t i - I L - 1 aJ¡3 

t r e a tm e n t  w a s  a ls o  a b le  t o  s ig n i f ic a n t ly  s u p p r e s s  e s 

t a b l is h e d  C IA . F ig u r e  I B  s h o w s  a  m a c r o s c o p ic  a r t h r i 

t is  s c o re  o f  5 o n  d a y  3 5 , w h ic h  s lo w ly  in c r e a s e d  to  5 .5  

in  th e  c o n t r o l  g ro u p  o n  d a y  4 2 ,  w h e r e a s  th e  s c o r e  w a s

MACROSCOPIC SCORE

T able 1. H isto lo g y  after a n ticy to k in e  treatm ent c la ss ic  o f  co llagen -  

induced arthritis*

P r o te o 

S tart o f C artilage g ly c a n D a y  o f

G roup treatm en t In filtrate d a m a g e d e p le tio n k illin g

K n ee  jo in ts
R a t lg D a y  30 1.5 4- 0 .6 1 .0 + 0 .6 1 .9  ± 0 .8 37
R abbit Ig D a y  30 1.4 0 .7 0 .9 ± 0 .5 1 .8  ± 0 .9 37
T N F o A b D a y  30 0 .9 0 .3 0 .6 ± 0 .5 1.1 ± 0 .5 37
A n t i- I L -1 D a y  30 0.1 -f* O .l t 0 .1 i t O .lt 0 .1  ± O .lt 3 7
R a t lg D a y  32 1.4 0 .4 1.1 0 .3 2 .4  ± 0 .6 3 9
R abbit Ig D a y  32 1.5 ± 0 .5 1 .0 i t 0 .4 2 .5  ± 0 .3 3 9
T N F o A b D a y  32 1.0 ± 0 .5 0 .7 i t 0 .5 1 .8  ± 0 .6 3 9
A n t i- I L -1 D a y  32 0.1 O .l t 0 .1 ± O .l t 0 .1  ± O .lt 3 9
R at Ig D a y  35 1.3 i t 0 .4 1 .2 0 .3 2 .2  ± 0 .5 42
R abbit Ig D a y  35 1.4 0 .3 1.3 i t 0 .4 2 .1  ± 0 .4 4 2
T N F o A b D a y  35 1.2 0 .5 1 .0 0 .5 2 .0  ± 0 .6 4 2
A n t i- I L -1 D a y  35 0 .6  ± O .lt 0 .5 Ì I 0 .3 t 0 .9  ± 0 .2 t 4 2

A n k le  jo in ts
R at Ig D a y  30 1.5 0 .3 0 .9 KNi m I 0 .4 1.6  ± 0 .4 37
R abbit Ig D a y  30 1.6 Hh 0 .4 0 .8 i t 0 .4 1.7 ± 0 .5 37
T N F o A b D a y  30 0 .9 0 .5 0 .6 ■jmi 0 .5 I  i  +i  « 1 ■ 0 .7 37
A n t i- I L -1 D a y  30 0.1 O .l t 0 .1 ± O .l t 0 .2  ± 0 .2 t 37
R a t lg D a y  32 2 .0 0 .5 1 .0 * * * * * 0 .3 2 .4  ± 0 .3 39
R abbit Ig D a y  32 1.9 0 .4 0 .9 0 .2 2 .3  ± 0 .4 39
T N F o A b D a y  32 1.3 0 .5 0 .7 i t 0 .3 1 .6  ± 0 .8 39
A n t i- I L -1 D a y  32 0 .2 Hh O .lt 0 .1 ± O .lt 0 .2  ± 0 .2 t 39
R a t lg D a y  35 1.9 0 .4 1.1 0 .2 2 .0  ± 0 .5 42
R abbit Ig D a y  35 1.8 0 .2 1 .0 H- 0 .3 1 .9  ± 0 .3 42
T N F o A b D a y  35 1.7 0 .4 1 .0 m | « 0 .3 1 .9  ± 0 .5 42
A n t i- I L -1 D a y  35 0 .8 Hh 0 .21- 0 .5 i t 0 .2 t 1 .0  ± 0 .2 t 42

* Start o f  trea tm en t rep resen ts  th e  n u m b er  o f  d a y s  a fter  im m u n iza 

tion  o f  D B A /1  m ice  w ith  b o v in e  ty p e  II  c o lla g e n . S y n o v ia l infil 
tra tes, cartilage d am ag e , and  p r o te o g ly c a n  d e p le t io n  w e r e  sc o r e d  on  

a sca le  o f  0 -3 .  V a lu es  are th e  m e a n  ±  S D . T N F a  =  tu m o r n e c r o s is  

fa cto r  o; IL-1 =  in ter leu k in -1. 

t  P  <  0 .01 v e r su s  co n tro ls , b y  W ilc o x o n  ran k  te s t .
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Ì I  4*
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28 30 31 32 34  35 36 38 39

DAYS AFTER IMMUNIZATION

F ig u re  2 . T rea tm en t o f  a c c e le r a te d  C IA  w ith  d ifferen t d o ses  

a n t i-T N F a /a n t i-I L -1 . A , A  sin g le  in jection  o f  rat a n ti-T N F a  w as  

g iv e n  ju s t  a fter d ise a se  o n s e t  (d ay  31; arrow ), at the d o se s  sh ow n . 

A s  a  co n tro l, 75 /jg o f  rat Ig  w a s  in jected . B , A n  in jection  o f  rabbit 

a n t i- I L - la /m o n o c lo n a l h a m ster  IL -l/3  (at th e  first 3 d o se s  show n) 

w a s  g iv e n  o n  d a y  32 (arrow ), w h en  arthritis w a s  fu lly  d ev e lo p ed . A s  

a  co n tro l, 0 .6  m g o f  rabbit Ig  and 0 .1 2  m g o f  h am ster  Ig w ere  in jected  

at th e  sa m e  tim e p o in t. S im ilar  resu lts  w ith  rabbit a n t i- I L -1 alfi 

a n tib o d ie s  (0 .6 /0 .6  m g ♦)  w ere  fou n d  in a cce lera ted  C IA  as in c la ss ic  

C IA  ( s e e  F ig u re  IB ). * =  P < 0.01 v ersu s  co n tro ls , by W ilcoxon  

rank te s t . V a lu e s  are th e  m ean  ±  S D  for  at le a s t  10 m ice  p er  group. 

S e e  F igu re  1 for  d e fin itio n s .

r e d u c e d  b e lo w  2 b y  t r e a tm e n t  o n  d a y  35 w ith  a n t i - I L -  

1 a //3 . W h e n  a n t i - I L - 1 al(3 t r e a tm e n t  w a s  d e la y e d  till 

d a y  5 6 , a  p h a s e  c h a r a c t e r i z e d  b y  j o i n t  a n k y lo s is ,  n o  

s ig n i f ic a n t  s u p p r e s s i o n  o f  m a c r o s c o p ic  s ig n s  w a s  

n o te d  ( d a ta  n o t  s h o w n ) .

I n  a d d i t io n  to  m a c r o s c o p ic  s c o r in g , w e  a n a -
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Table 2. H is to lo g y  a fter  a n ticy to k in e  treatm en t o f  a cce lera ted  co lla g en -in d u ced  arthritis*

G rou p

Start o f  

treatm ent Infiltrate

C artilage

d am age

P ro teo g ly ca n

d ep letio n

K n ee  jo in ts

R at Ig D a y  31 1.4 ±  0 .6 1.2 ±  0 .6 2 .0  ±  0 .9

A n ti-T N F a , 225 ¿tg D a y  31 0 .8  ±  0 .7 1.0 ±  0 .7 1.7 ±  0 .6

R ab b it Ig D a y  32 1.4 ±  0 .3 1.1 ±  0 .6 2.1  ±  0 .4

A n ti-IL -1  o//3

0 .0 6 /0 .0 1 2  m g D a y  32 0 .6  ±  0 .5 0 .8  ±  0 .8 1.3 ±  0 .7

0 .2 /0 .0 4  m g D a y  32 0 .4  ±  0 .2 t 0 .5  ±  0 .5 t 0 .6  ±  0 .5 t

0 .6 /0 .1 2  m g D a y  32 0 .2  ±  0 .2 t 0 .4  ±  0. I f 0 .4  ±  0 .5 t

C on tro l D a y  34 1.5 ±  0 .7 1.7 ±  0 .8 2 .2  ±  0 .8

I L - lR a , 1 .2  m g /d a y D a y  34 0 .4  ±  0 .2 t 0 .6  ±  0 .2 t 0 .6  ±  0 .4 t

A n k le  jo in ts
R a t l g D a y  31 1.7 ±  0 .5 0 .9  ±  0 .3 1.8 ±  0 .6

A n t i-T N F a , 225  fig D a y  31 1.0 ±  0 .7 0 .6  ±  0 .5 1.2 ±  0 .6

R abb it Ig D a y  32 1.9 ±  0 .5 0 .9  ±  0 .2 2 .2  ±  0 .4

A n t i- I L -1 alp
0 .0 6 /0 .0 1 2  m g D a y  32 1.0 ±  0 .3 t 0 .5  ±  0 .2 t 0 .8  ±  0 .2 t

0 .2 /0 .0 4  m g D a y  32 0 .8  ±  0 .4 t 0 .4  ±  0 .4 t 0 .7  ±  0 .5 t

0 .6 ./0 .1 2  m g D a y  32 0 .4  ±  0 .2 t 0 .3  ±  0 .2 t 0 .5  ±  0 .5 t

C on tro l D a y  34 1.9 ±  0 .4 1.4 ±  0 .3 2 .0  ±  0 .8

I L - lR a , 1.2 m g /d ay D a y  34 0 .7  ±  O .lt 0 .5  ±  0 .2 t 0 .5  ±  0 .2 t

* F o r  d e ta ils , s e e  T a b le  1. H is to lo g y  w a s  perform ed  7  d a y s a fter th e  start o f  a n tic y to k in e  treatm ent. 

C o n tro l w a s  1.2 m g  o f  b o v in e  seru m  album in . V a lu es  are th e  m ea n  ±  S D . T N F a  =  tu m o r n e cr o s is  

fa c to r  a;  IL-1 alfi =  in ter leu k in -1 a !¡3; I L - lR a  =  IL-1 recep to r  a n tagon ist, 

t  P  <  0 .01 v e r su s  c o n tr o ls , b y  W ilco x o n  rank test.

ly z e d  th e  h is to lo g ic  c h a n g e s  in  b o th  k n e e  a n d  a n k le  

jo in t s  o n  d a y  7 a f t e r  a n t i c y to k in e  t r e a tm e n t .  A n ti-  

T N F  a  t r e a tm e n t  h a d  o n ly  a  s l ig h t  e f f e c t  o n  th is  p a r a 

m e te r .  C e l lu la r  in f i l t r a t io n  w a s  m a rg in a l ly  r e d u c e d  

w h e n  t r e a tm e n t  w a s  g iv e n  e a r ly .  N o  e f fe c t  w a s  s e e n  

a f te r  la te  t r e a tm e n t  (T a b le  1). I n  c o n t r a s t ,  a n t i - I L - 1 al(3 
t r e a tm e n t  h ig h ly  r e d u c e d  c e l lu la r  in f i l t r a t io n , e v e n  

w h e n  t r e a tm e n t  w a s  g iv e n  o n  d a y  35 . O f  im p o r ta n c e ,  

c a r t i la g e  p r o te o g ly c a n  d e p le t io n  a n d  d a m a g e  to  th e  

a r t i c u la r  s u r f a c e  w e r e  a ls o  h ig h ly  r e d u c e d  b y  a n t i - I L - 1 

(T a b le  1). T h is  s e t  o f  d a t a  in d ic a te s  t h a t  T N F a  is 

in v o lv e d  in  C I A  o n s e t ,  b u t  p la y s  a  m in o r  ro le  a t  l a te r  

s ta g e s ,  w h e r e a s  IL -1  is  a  d o m in a n t  m e d ia to r  in  b o th  

th e  o n s e t  a n d  p e r p e tu a t io n  o f  C I A .

A n t i - I L - 1  and  anti-T N F  a  treatm ent o f acceler 

ated  C IA . E x p e r im e n t s  w e r e  a ls o  p e r f o r m e d  in  m ic e  

w i th  L P S - a c c e le r a te d  C IA . S e le c te d  m ic e ,  s h o w in g  n o  

c l e a r  s ig n s  o f  C I A  o n  d a y  2 8 , r e c e iv e d  a  s in g le  in t r a -  

p e r i to n e a l  in je c t io n  o f  4 0  /xg L P S .  A n t ic y to k in e  t r e a t 

m e n t  w a s  g iv e n  o n  d a y  3 1 , w h e n  t h e  a n im a ls  s h o w e d

d e f in i te  a r th r i t i s .  W h e n  a c c e l e r a t e d  C IA  w a s  t r e a te d
i

o n  d a y  31 w i th  a  s in g le  d o s e  o f  75 /ug o f  a n t i - T N F  a ,  

s o m e  s u p p r e s s io n  o f  t h e  a r th r i t i s  w a s  n o te d .  A  lo w

d o s e  o f  7 .5  ¡ug w a s  w i th o u t  e f fe c t .  A  h ig h e r  d o s e  (225 

fig) d id  n o t  s h o w  g r e a t e r  e f f ic a c y  c o m p a r e d  w ith  75 ¡jg 

(F ig u re  2A ).

A s  fo u n d  in  th e  c la s s ic  C IA , t r e a tm e n t  o f  a c c e l 

e r a te d  C I A  w i th  a n t i - I L -  la / /3  r e s u l te d  in  a  c o m p le te  

s u p p r e s s io n  o f  th e  a r th r i t i s  (F ig u re  2 B ). T o  c o n f irm  

th e s e  f in d in g s , s im ila r  s tu d ie s  w e re  d o n e  w ith  y e t-  

a n o th e r  s o u r c e  o f  a n t i - I L - 1 a n t ib o d ie s .  R a b b i t  a n t i -  

I L - l a  c o m b in e d  w i th  m o n o c lo n a l  h a m s te r  a n t i - I L - 1/8 

s h o w e d  a  d o s e -d e p e n d e n t  s u p p re s s io n  o f  C IA  (T a b le  2). 

T h e s e  f in d in g s  w e re  c o n f irm e d  h is to lo g ic a lly  (F ig u re  3).

Efficacy o f  a n ti-T N F a  treatm ent. T h e  s tu d ie s  

d e s c r ib e d  a b o v e  w e r e  p e r f o r m e d  w ith  m o n o c lo n a l  r a t  

a n t i - T N F a  a n t ib o d ie s  ( V lq ) .  T o  e x c lu d e  th e  p o s s ib i l 

i ty  th a t  th e  a p p a r e n t  in e f f ic a c y  o f  a n t i - T N F a  t r e a tm e n t  

w a s  r e la te d  to  in f e r io r  p h a r m a c o k in e t ic s  o r  in a d e q u a te  

n e u t r a l iz a t io n ,  a  n u m b e r  o f  c o n tr o l  e x p e r im e n ts  w e re  

p e r f o r m e d .  F i r s t ,  w e  t e s t e d  th e  e ff ic a c y  o f  r a t  m o n o 

c lo n a l  a n t i -m u r in e  T N F a  ( V lq )  in  L P S - in d u c e d  s h o c k . 

A  s in g le  in t r a p e r i to n e a l  in je c t io n  o f  75 ¡jug c o m p le te ly  

p r e v e n te d  le th a l i ty  w h e n  100 /ug o f  L P S  w a s  in j e c te d  

in t r a v e n o u s ly  4  h o u r s  l a t e r .  S e c o n d ,  w e  p e r fo rm e d  

d a ily  d o s in g  f o r  7  d a y s  d u r in g  C IA . A s  c a n  b e  s e e n  in
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Figure 3. H e m a to x y lin  and e o s in - s ta in e d  fron ta l s e c t io n s  o f  k n e e  jo in ts  o n  d a y  42  o f  C IA . A , A rth ritic  k n ee  jo in t  o f  a  m o u se  treated  w ith  

control IgG o n  d a y  30. B , K n ee  jo in t  o f  a m o u se  trea ted  w ith  rat a n t i-T N F a  (225 fxg) o n  d ay  30. C , K n e e  jo in t  o f  a m o u se  treated  w ith  rabbit 

a n ti-IL -la //3  (0 .6  m g o f  ea ch  a n tib o d y ) on  d a y  30. D , A u torad io grap h  sh o w in g  35S -su lfa te  in corp ora tion  in  an  arthritic jo in t  o n  d a y  42. E , 

A utoradiograph o f  a  sim ilar reg io n  a fter  trea tm en t w ith  IL -1 r e c e p to r  a n ta g o n ist (1 .2  m g /d ay  for  7 d a y s , startin g  o n  d ay  34). N o te  th e  restoration  

o f  ch o n d ro cy te  sy n th e tic  fu n c tio n , v is u a liz e d  b y  d is tin c t la b ellin g . P  =  p ate lla ; F  =  fem u r; JS  =  jo in t  sp a ce ; C =  cartilage; S  =  sy n o v iu m . S ee  

Figure 1 for  o th er  d efin ition s. O rig inal m a g n ifica tio n  x  200.

F ig u re  4 A , th is  d id  n o t  r e s u l t  in  m o r e  m a r k e d  s u p p r e s 

s io n  o f  th e  m a c r o s c o p ic  s c o r e  a s  c o m p a r e d  w i th  t h e  

f in d in g s  in  F ig u r e  2 A . F in a l ly ,  w e  t r e a t e d  S C W - 

in d u c e d  a r th r i t i s  w ith  a  s in g le  in je c t io n  o f  7 5  /ug o f  

a n t i - T N F a .  A s  c a n  b e  s e e n  in  F ig u r e  4 B , c l e a r  s u p 

p r e s s io n  o f  k n e e  j o i n t  s w e l l in g  w a s  f o u n d  o n  d a y s  1 , 2 ,  

a n d  4  in  th is  b a c te r ia l  a r t h r i t i s  m o d e l .

C o n f irm a tio n  w ith  I L - l R a .  T o  f u r t h e r  s u b s t a n 

t ia te  th e  im p o r ta n t  ro le  o f  I L - 1 ,  a r th r i t i c  m ic e  w e r e

c o n t in u o u s ly  in fu s e d  w i th  I L - l R a  f ro m  d a y  34 , u s in g  

o s m o t ic  m in ip u m p s .  T h is  e x p e r im e n t  w a s  r e p e a te d  3 

t im e s  a t  th e  h ig h  d o s a g e  (1 .2  m g  o f  I L - l R a  p e r  d a y ) , 

s h o w in g  a  m a r k e d  a n d  c o n s i s t e n t  d e c l in e  o f  th e  a r th r i 

t i s  w i th in  a  fe w  d a y s  a f t e r  th e  s t a r t  o f  t r e a tm e n t .  

M o r e o v e r ,  t h e r e  w a s  a lw a y s  a  s lig h t s u p p r e s s iv e  e ffe c t 

w h e n  c o n t r o l  m in ip u m p s  w e r e  im p la n te d ,  p ro b a b ly  

r e l a t e d  to  th e  e f f e c ts  o f  s t r e s s .  In  c o n t r o l  a r th r i t ic  m ic e  

w i th o u t  m in ip u m p s ,  t h e  a r th r i t i s  s c o r e  in c r e a s e d
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F igu re 4 . A n ti-T N F  a  trea tm en t o f  C IA  and  s tre p to c o c ca l ce ll w a ll 

(S C W )-in d u ced  arthritis. A , D a ily  d o s e s  o f  75  ¡xg w e r e  g iv en  fo r  7 

d a y s in m ice  w ith  a c ce ler a ted  C IA ; arthritis w a s  sco red  m a cro sco p -  

ic a lly  in th e  p a w s . B, U n ila tera l S C W -in d u ced  arthritis w a s treated  

w ith  a  sin g le  d o se  o f  a n ti-T N F  a  (75 /jg), g iv en  in trap eriton ea lly  

(I .P .)  1 hour b efo re  arthritis in d u ctio n . K n e e  jo in t  sw ellin g  w a s  

d eterm in ed  by th e  " mT c-u p ta k e  m eth o d . A  right/left (R /L ) ratio o f  

1.1 o r  m ore in d ica tes  k n e e  jo in t  in flam m ation . * = P < 0 .01  v ersu s  

co n tro l (rat Ig at 75 /ug), b y  W ilc o x o n  rank  te s t . V a lu es  are the m ean

±  S D  o f  at lea st 10 m ice  p er  grou p , C = 

a n ti-T N F a . S e e  F igu re 1 for  o th er  d e fin itio n s .

con tro l; a -T N F

s lig h tly  o r  r e m a in e d  c o n s t a n t  f r o m  d a y  3 4 , w h e r e a s  in  

m ic e  w ith  c o n t r o l  m in ip u m p s ,  s o m e  s u p p r e s s io n  w a s  

c o n s i s te n t ly  s e e n .  F ig u r e  5 A  s h o w s  a  ty p ic a l  e x a m p le  

o f  a  d o s e - r e s p o n s e  e x p e r im e n t .  I t  is  c le a r  t h a t  r e l a 

t iv e ly  h ig h  d o s e s  o f  I L - I R a  a r e  n e e d e d  to  o b ta in  

p r o n o u n c e d  s u p p r e s s io n .  A n  in te r m e d ia te  d o s e  o f  0 .4  

m g /d a y  s till s h o w e d  s ig n if ic a n t  s u p p r e s s io n ,  b u t  0 .1 2  

m g /d a y  w a s  in e f f e c t iv e .  S im ila r  o b s e r v a t io n s  w e r e  

n o te d  in  m ic e  w i th  c la s s ic  C IA  (F ig u r e  5 B ). H is to lo g y  

p e r f o r m e d  in  th e  h ig h e s t  d o s e  g ro u p  c o n f irm e d  th e  

p r o n o u n c e d  s u p p r e s s io n  o f  c e l lu la r  in f i l t r a t io n  a n d

c a r t i la g e  d a m a g e  (T a b le  2 ) , a s  n o te d  w i th  n e u tr a l iz in g  

a n t i - I L - 1  a n t ib o d ie s .

In  a d d i t io n  to  h i s to lo g y ,  w e  p e r f o r m e d  a u to 

r a d io g r a p h y  to  g e t  a n  im p r e s s io n  o f  th e  m e ta b o l ic  

a c t iv i ty  o f  th e  a r t i c u l a r  c h o n d r o c y te s .  P r o n o u n c e d  

s u p p r e s s io n  o f  35S - s u l f a te  in c o r p o r a t io n ,  r e f le c t in g
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F igure 5 . In terleuk in -1  r e c e p to r  a n ta g o n ist (IL -lra ) treatm ent o f  

a cce lera ted  and c la s s ic  C IA . A , O n d a y  6 after a cce lera tio n  o f  C IA , 

m ice w ere  se le c te d  b a sed  on  v isu a l s c o r e , and grou p ed  into 4  groups  

w ith  eq u al sc o r e s  fo r  arthritis. O sm o tic  m in ipum ps (100 /ui) w ere  

lo a d ed  w ith  100 (1 .2  m g /d a y ), 30 (0 .4  m g/day), or 10 (0 .12  m g/day) 

m g/m l o f  reco m b in a n t h u m an  I L - lr a  and im p lan ted  in traperito 

n ea lly . B o v in e  seru m  alb um in  (100  m g) w a s u sed  as a co n tro l. M ice  

w ere  sco red  d a ily  fo r  arthritis s e v e r ity , by 2 in d ep en d en t o b serv ers .

B, I L - lr a  trea tm en t (1 .2  m g /d a y ) o f  c la s s ic  C IA  w a s  started  on  d ay  

34 a fter  im m u n iza tio n  b y  in tra p er ito n ea l im plan tation  o f  o sm o tic  

p u m p s. V a lu es  are th e  m ea n  ±  S D  o f  10 m ice  per grou p . *  =  P <

0.01  v ersu s  c o n tr o ls , by  W ilc o x o n  rank  test . S e e  F igu re 1 for  o th er  

d efin itio n s.
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Figure 6 . R e la tiv e  ro le  o f  I L - l a  and IL -1/3  in  C IA . In to  sep a ra te  

groups o f  m ice  w ith  e sta b lish ed  C IA  (d a y  3 2 ), w e  in jec ted  a n t i -  

IL-1 a  (a n ti-IL -la ; 0 .6  m g), a n t i- I L -1 /3 (a n t i-IL -1 b ; 0 .6  m g), or th e  

com b in ation  o f  b o th  (a n ti-IL -la b ; 1 .2  m g). V a lu e s  are th e  m ean  ±  

S D  o f  at le a st  10 m ice  p er  grou p . * =  P < 0 .01  v e r su s  c o n tr o ls , b y  

W ilco x o n  rank te s t . S e e  F igu re 1 fo r  o th e r  d e fin it io n s .

in h ib i te d  p r o te o g ly c a n  s y n th e s i s ,  w a s  n o te d  in  th e  

c o n t r o l  a r th r i t i c  m ic e  o n  d a y  4 2 . I n  c o n t r a s t ,  th e  

I L - 1 R a - t r e a t e d  a n im a ls  s h o w e d  m a r k e d  35S -s u lf a te  

in c o r p o r a t io n ,  w h ic h  w a s  n o t  s ig n if ic a n t ly  d if f e re n t  

f r o m  th e  m e ta b o l ic  a c t iv i ty  f o u n d  in  n o n a r th r i t ic  

D B A /1  m ic e  ( F ig u r e  3). T h is  in d ic a te s  t h a t  IL -1  is  a  

p iv o ta l  m e d ia to r  in  th i s  s u p p r e s s io n .

R elative roles o f  I L - la a n d  IL -1/3. T o  in v e s t ig a te  

th e  r e l a t iv e  c o n t r ib u t io n s  o f  IL -1  a  a n d  IL -1 /3 , w e  

in je c te d  m ic e  w i th  e i t h e r  r a b b i t  p o ly c lo n a l  a n t i - I L - l a  

o r  a n t i - I L - 1/3, o n  d a y  32 . S e le c t iv e  n e u t r a l iz a t io n  o f  

IL -1 /3  w a s  s u f f ic ie n t  t o  c a u s e  m a r k e d  s u p p r e s s io n  o f  

a r th r i t i s  ( F ig u r e  6 ) . I n  a  r e p e a t  e x p e r im e n t  (n o t s h o w n )  

w e  u s e d  h a m s t e r  m o n o c lo n a l  a n t i - I L - 1/3 a n t ib o d ie s ,  

w h ic h  s h o w e d  ro u g h ly  s im ila r  e f f ic a c y . I n  c o n t r a s t  to  

th e  p r o n o u n c e d  e ffe c t o f  a n t i - I L - 1/3, w e  d id  n o t o b s e rv e  

a  m a jo r  s u p p re s s io n  w ith  s e le c t iv e  a n t i - IL -1  a  tre a tm e n t. 

H o w e v e r ,  i t  is  c l e a r  t h a t  t h e  m o s t  o p t im a l  s u p p r e s s io n  

w a s  r e a c h e d  w i th  th e  c o m b in a t io n  ( F ig u r e  6).

C ytok in e m R N A  levels in th e arth ritic  jo in t. In  a  

r e p e a t  e x p e r im e n t ,  g r o u p s  o f  m ic e  w e r e  t r e a te d  w ith
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1 /3 -treated

C IA  w ith  a n ti-IL -1  /3 (A n ti-IL -lb )  w a s started  a t 2 d ifferen t tim e p o in ts , d ay  32 (d32) an d  d a y  35 (d35) (arrow s). In sep a ra te  grou p s o f  10 arthritic  

m ice, w e  ad m in istered  0 .6  m g o f  a n tib o d y  ra ised  aga in st m u rin e IL-1/3. T h e  co n tro l grou p  r e c e iv e d  0 .6  m g o f  co n tro l Ig o n  d a y s  32 and 35. On 

day 40 , m ice  w ere  k illed  and sa m p les  o f  sy n o v iu m  and cartilage  w e r e  iso la te d  fo r  a n a ly s is  b y  p o ly m e r a se  ch a in  rea ctio n  (P C R ). V alues are the  

m ean ±  S D  o f  a t le a s t  10 m ic e . #  =  P < 0 .0 5  v e r su s  c o n tr o ls , b y  W ilc o x o n  rank te s t . B , S y n o v iu m  sa m p le s  from  6 m ice  per group  w ere p o o led , 

and R N A  w a s  ex tra c ted . Q u a n tita tiv e  P C R  w a s  p er fo rm ed  as d escr ib ed  in M ater ia ls  and  M e th o d s . I =  arthritic  co n tro l grou p ; II =  m ice  treated

on d a y  32; III (/32m

R ou gh ly , a  25-fo ld  red u ction  (from  5 0 0  a tto g ra m s to  20  ag) in th e  IL -1/3  m R N A  le v e l w a s  fo u n d  a fter  trea tm en t w ith  rabbit anti-m urine IL-1/3. 

E qual le v e ls  o f  D N A  co n stru c t an d  c o m p le m e n ta r y  D N A  (c D N A ). S e e  F ig u re  1 fo r  o th er  d e fin itio n s .
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a n t i - I L - 1 /3 o n  d a y  3 2  o r  o n  d a y  3 5 , a n d  m R N A  w a s  

e x t r a c te d  f ro m  th e  s y n o v ia l  t i s s u e  a n d  p a te l l a r  c a r t i 

la g e  o n  d a y  4 0 . T h e  t im e  c o u r s e  o f  th e  a r th r i t i s  is  

s h o w n  in  F ig u r e  7 A , a g a in  p r o v in g  th e  e f f ic a c y  o f  

a n t i - I L - 1/3. C y to k in e  m R N A  le v e ls ,  a s  a p p r o a c h e d  b y  

P C R  a n a ly s is  a r e  s h o w n  in  T a b le  3. I n  in f la m e d  

s y n o v iu m , a  m a r k e d  in c r e a s e  c o m p a r e d  w ith  n o rm a l  

s y n o v iu m  w a s  f o u n d  f o r  IL -1 /3  a n d  I L - I R a ,  w h e r e a s  

th e  e n h a n c e m e n t  o f  T N F a  a n d  T I M P  m e s s a g e  w a s  

le s s  im p r e s s iv e .  T r e a tm e n t  w i th  a n t i - I L - 1)3 m a rk e d ly  

r e d u c e d  IL -1  m e s s a g e .  T h is  is  f u r t h e r  i l lu s t r a te d  w ith  

c o m p e t i t iv e  P C R  a n d  a n  in t e r n a l  s t a n d a r d  (F ig u re  7 B ) . 

O f  in te r e s t ,  I L - I R a  m e s s a g e  w a s  a ls o  m a r k e d ly  r e 

d u c e d  u p o n  a n t i - I L - 1)8 t r e a t m e n t ,  s u g g e s t in g  t ig h t  

c o u p lin g  w i th  IL -1 .  In  c o n t r a s t ,  th e  T IM P  le v e ls  

r e m a in e d  c o n s ta n t .

I n  th e  a r th r i t i c  c a r t i l a g e  a  s im ila r  t r e n d  o f  

c y to k in e  e x p r e s s io n  w a s  o b s e r v e d ,  a l th o u g h  v a lu e s  

s e e m e d  le s s  e n h a n c e d  c o m p a r e d  w i th  th e  s y n o v iu m . 

R e m a r k a b ly ,  a n t i - I L - 1 /3 t r e a t m e n t  d id  n o t  r e d u c e  m e s 

s a g e  e x p r e s s io n  in  th e  c h o n d r o c y te s .

D IS C U S S IO N

T N F  a is  o f  im p o r ta n c e  a t  th e  o n s e t  o f  c o lla g e n -  

in d u c e d  a r th r i t i s ,  b u t  a p p e a r s  to  b e  le s s  d o m in a n t  a t  

l a t e r  s ta g e s .  I n  c o n t r a s t ,  IL -1  s e e m s  to  b e  a  c r i t ic a l  

m e d ia to r  b o th  a t  t h e  o n s e t  a n d  a t  l a te r  s ta g e s  o f  th is  

e x p e r im e n ta l  a r th r i t i s .  IL -1  d e p e n d e n c e  is  n o  lo n g e r  

a p p a r e n t  w h e n  t h e  d is e a s e  e n t e r s  a  n o n in f la m m a to ry  

p h a s e ,  c h a r a c t e r i z e d  b y  to ta l  c a r t i l a g e  d e s t r u c t io n  a n d  

th e  o n s e t  o f  a n k y lo s is .  O f  i n t e r e s t ,  IL -1 /3  s e e m s  to  b e  

th e  m o r e  p r o m in e n t  I L - 1 i s o ty p e  in  th is  ty p e  o f  e x p e r 

im e n ta l  a r th r i t i s .

C IA  is  a n  a u to im m u n e  p r o c e s s  d i r e c te d  a g a in s t  

ty p e  I I  c o l la g e n  (C I I )  in  th e  a r t i c u l a r  c a r t i la g e ,  a n d  th e  

in f la m m a to ry  p r o c e s s  is  a  c o m b in a t io n  o f  lo c a l  im 

m u n e  c o m p le x  f o r m a t io n  a t  th e  a r t ic u la r  c a r t i la g e  

s u r f a c e  a n d  a n  e f f e c to r  T  c e ll  r e a c t io n  to  C I I .  T h e  

p r e s e n t  s tu d y  c o n f i rm s  e a r l i e r  s tu d ie s  w ith  n e u tr a l iz in g  

a n t ib o d ie s  o r  w i th  s o lu b le  T N F  r e c e p to r  (8 ,9 ,2 2 ) , 

s h o w in g  th a t  e l im in a t io n  o f  T N F a  j u s t  a f te r  th e  o n s e t  

o f  a r th r i t i s  c le a r ly  a m e l io r a te s ,  b u t  d o e s  n o t  fu lly  

s u p p r e s s ,  j o i n t  in f la m m a tio n .  C o m b in a t io n  th e r a p y  

w ith  a n t i - T N F a  a n d  a n t i - C D 4  y ie ld s  m o r e  p r o te c t io n  

in  C IA  th a n  e i th e r  t r e a t m e n t  a lo n e  (4 2 ). A n ti-C D 5  

th e r a p y  a ls o  c a u s e s  s ig n if ic a n t  s u p p r e s s io n  (43). H o w 

e v e r ,  o n e  s h o u ld  b e  v e r y  c a r e f u l  w i th  a n t i - T  c e l l  

t r e a tm e n t ,  s in c e  a t  l a te  s ta g e s  o f  t h e  d i s e a s e ,  r e g u la 

t o r y  T  c e l ls  a r e  a l s o  in v o lv e d  a n d  b lo c k in g  o f  T  c e lls  

m a y  th e n  e x a c e r b a te  a r th r i t i s  (44 ).

T able 3. L e v e ls  o f  c y to k in e  m R N A  in sa m p les o f  in flam ed tissu e  

at d a y  40*

C y to k in e

S y n o v iu m C artilage

C ontrol

A n t i - I L - 1 /3

C on tro l

A n ti-IL -1 /3

D a y  32 D a y  35 D a y  32 D a y  35

IL -1/3 322 13 13 13 13 13

IL -IR a 322 25 25 47 47 47

T N F a 13 4 4 4 4 4

T IM P 7 7 7 4 4 4

* O n d ay  4 0 , sy n o v iu m  and  ca rtila g e  sa m p les  w ere  iso la ted  as  

d escr ib ed  in  M ateria ls and M e th o d s . V a lu es  are the re la tiv e  lev e l o f  

m e sse n g e r  R N A  (m R N A ), co m p a red  w ith  con tro l (n on im m u n ized )  

sy n o v iu m  or cartilage . A  24 -fo ld  d e cr ea se  in m R N A  le v e ls  for  

in ter leu k in -1/3 (IL-1/3) w a s  fo u n d  after  trea tm en t w ith  a n t i-I L -1/3 

a n tib o d ies . N o  d ifferen ces  w e r e  fo u n d  in  m R N A  on d a y  40 w hen  

treatm en t w as started  e ith er  o n  d a y  32 or day 35. V a lu e s  are the  

m ean  o f  3 ex p er im en ts . IL -IR a  =  IL -1  recep to r  an tagon ist; T N F «  =  

tu m or n e c r o s is  fa c to r  a; T IM P  =  t is su e  in h ib itor o f  m eta llop rote i-  

n a se s .

T h e  r e la t iv e  r o le s  o f  T N F  a a n d  I L - 1 in  v a r io u s  

s ta g e s  a n d  fo rm s  o f  c h r o n ic  a r th r i t i s  a r e  o f  th e r a p e u t ic  

r e le v a n c e ,  e v e n  m o r e s o  b e c a u s e  th e  p r e s e n t  s tu d y  

c le a r ly  s h o w s  t h a t  a n t i - I L - 1 t r e a tm e n t  is  s u p e r io r  to  

a n t i -T N F a :  t r e a tm e n t  in  th i s  p a r t ic u la r  m o d e l ,  a n d  

s u b s ta n t ia te s  t h a t  in h ib i t io n  o f  T N F a  d o e s  n o t  n e c e s 

s a r i ly  a ls o  in h ib i t  IL -1  p r o d u c t io n .  I t  m u s t  b e  u n d e r 

s c o r e d  t h a t  o n e  s h o u ld  e x e r c i s e  c a u t io n  in  th e  o v e r a l l  

in te r p r e ta t io n  o f  d a t a  o b ta in e d  w ith  d i f f e r e n t  a n t ib o d 

i e s ,  in  v ie w  o f  p o te n t i a l  d if f e re n c e s  in  n e u tr a l iz in g  

c a p a c i ty  a n d  h a lf - l iv e s  in  v iv o . M o r e o v e r ,  a n t ib o d ie s  

m a y  s ig n if ic a n tly  d if fe r  in  th e i r  e f f e c to r  f u n c t io n s ,  

d e p e n d in g  o n  th e  i s o ty p e .  In  a d d i t io n  to  th e  d a ta  

p r e s e n te d  in  th i s  p a p e r ,  w e  p e r f o r m e d  e x p e r im e n ts  

w i th  p o ly c lo n a l  a n t i - T N F a  (k in d ly  p r o v id e d  b y  S . 

K u n k e l  a n d  G . G ra u )  a n d  in  f a c t  c o n f irm e d  th e  s l ig h t 

s u p p r e s s io n  a f t e r  t r e a t m e n t  o f  e s ta b l i s h e d  d is e a s e  (u n 

p u b l is h e d  o b s e r v a t io n s ) .

O u r  c u r r e n t  d a t a  w i th  a n t i - T N F a  t r e a tm e n t  a r e  

c o n s i s te n t  w i th  e a r l i e r  f in d in g s  in  C IA  (8 ,9 ,4 4 ) . M o r e 

o v e r ,  o u r  a n t i - T N F a  w a s  su ff ic ie n tly  p o te n t  to  fu l ly  

b lo c k  L P S - m e d ia te d  s h o c k ,  w h e re a s  a n t i - T N F a  t r e a t 

m e n t  w a s  a ls o  h ig h ly  s u p p r e s s iv e  in  a n o th e r  m u r in e  

a r th r i t i s  m o d e l ,  s t r e p to c o c c a l  c e ll  w a l l - in d u c e d  a r th r i 

t is  (F ig u re  4 B )  (45 ). A p p a r e n t ly ,  b a c te r ia l  t r ig g e r s  

p r o v o k e  a  m o r e  T N F - d r iv e n  p r o c e s s .  A n t i - T N F a  a n d  

a n t i - I L - 1 t r e a tm e n t  a p p e a r e d  e q u a l ly  e f f e c t iv e  in  th e  

r e a c t iv a t io n  o f  S C W - in d u c e d  a r th r i t i s ,  a n d  th e  b e s t  

s u p p r e s s io n  w a s  o b ta in e d  w ith  th e  c o m b in a t io n  o f  

a n t i - I L - 1 w ith  a n t i - T N F a  (46).

T h e  im p o r ta n c e  o f  IL -1  in  fu lly  e s ta b l i s h e d  C I A  

is n o w  f u r th e r  s u b s ta n t i a t e d ,  s h o w in g  id e n t ic a l  s u p 
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p re s s io n  w i th  a n t i - I L - 1  a n t ib o d ie s  a n d  I L - l R a .  G iv e n  

th e  l im ite d  h a lf - l ife  o f  th e  r e c e p t o r  a n ta g o n i s t ,  i ts  h ig h  

p h a r m a c o k in e t ic s  in  m ic e  in  g e n e r a l ,  a n d  th e  n e e d  to  

o c c u p y  a lm o s t  a ll IL -1  r e c e p to r s  to  b lo c k  t h e  a c t io n  o f  

IL -1  (4 7 ,4 8 ), i t  is  c o n c e iv a b le  t h a t  p r o f o u n d  s u p p r e s 

s io n  o f  e s ta b l i s h e d  C IA  c o u ld  o n ly  b e  a c h ie v e d  w i th  

h ig h  le v e ls  o f  I L - l R a ,  s u p p l ie d  w i th  o s m o t ic  m in i 

p u m p s . A n  e a r l i e r  s tu d y  s h o w e d  t h e  e f f ic a c y  o f  r e 

p e a te d ,  s y s te m ic  d o s in g  w i th  I L - l R a  b e f o r e  t h e  o n s e t  

o f  C IA  (4 9 ). H o w e v e r ,  th i s  t r e a t m e n t  c le a r ly  s u p 

p r e s s e d  th e  a n t i - C I I  a n t ib o d y  l e v e l s  a n d ,  a p a r t  f r o m  

s y n o v ia l  in f la m m a tio n , w h ic h  m a y  r e q u i r e  d i f f e r e n t  

p h a r m a c o k in e t ic s ,  p r o b a b ly  m a in ly  a f f e c te d  c e l lu la r  

p r o c e s s e s  in  th e  ly m p h o id  o r g a n s .

F u r t h e r  c o m p a r i s o n  w i th  o t h e r  a r th r i t i s  m o d e ls  

r e v e a ls  t h a t  IL -1  is  n o t  a  d o m in a n t  in f la m m a to r y  

m e d ia to r  in  a ll f o rm s  o f  a r th r i t i s .  N e i t h e r  T N F a  n o r  

IL -1  is o f  k e y  im p o r ta n c e  in  t h e  in i t i a t in g  in f la m m a to r y  

p ro c e s s  o f  a n t ig e n - in d u c e d  a r t h r i t i s  (2 6 ,4 9 ,5 0 ) . Y e t ,  

e l im in a tio n  o f  IL -1  fu lly  n o r m a l iz e d  c h o n d r o c y te  p r o 

te o g ly c a n  s y n th e s i s  in h ib i t io n  in  th e  a r t i c u l a r  c a r t i l a g e ,  

p ro v in g  t h a t  IL -1  is  a  k e y  m e d ia to r  in  th i s  c h a r a c t e r 

i s t ic ,  u n d e s i r e d  d i s tu r b a n c e  o f  a n a b o l ic  p r o c e s s e s  in  

a r th r i t ic  c a r t i la g e  (26 ). T h e  g e n e r a l  v a l id i ty  o f  t h e  l a t t e r  

ro le  o f  IL -1  is  n o w  e s ta b l i s h e d  b y  s im i la r  f in d in g s  in  

im m u n e  c o m p le x  a r th r i t i s  a n d  in  T  c e l l - d r i v e n  f la re s  o f  

a n t ig e n - in d u c e d  a r th r i t i s  (5 1 ,5 2 ) .

IL -1  b lo c k a d e  in  C IA  a l s o  p r o f o u n d ly  r e d u c e d  

c a r t i la g e  d e s t r u c t io n ,  e v e n  w h e n  t r e a t m e n t  w a s  g iv e n  

la te .  S in c e  j o i n t  in f la m m a t io n  w a s  m a r k e d ly  s u p 

p r e s s e d  a s  w e ll ,  i t  c a n n o t  b e  e x c lu d e d  t h a t  t h e  p r o t e c 

t iv e  e f fe c t o n  a r t ic u la r  c a r t i l a g e  w a s  in d i r e c t ,  th r o u g h  

c o n c o m ita n t  r e d u c t io n  o f  d e s t r u c t i v e  m e d ia to r s  o t h e r  

th a n  IL -1 . E a r ly  a n t i - T N F a  t r e a t m e n t  a l s o  r e d u c e d  

c a r t i la g e  d e s t r u c t io n ,  c o n s i s t e n t  w i th  i ts  a n t i in f la m m a 

to ry  e f fe c t,  b u t  a t  l a t e r  s ta g e s ,  n o  p r o t e c t i o n  c o u ld  b e  

s e e n . T h is  e x c lu d e s  a  s e le c t iv e ,  d i r e c t  r o le  o f  T N F a  in  

c a r t i la g e  d e s t r u c t io n .  S tu d ie s  w i th  a n t i - I L - 1  R  a n t ib o d 

ie s  in  T N F - t r a n s g e n ic  m ic e  p r o v i d e d  f u r t h e r  s u p p o r t  

fo r  th is  (5 3 ). A l th o u g h  T N F a  c a n  b e  d e s t r u c t iv e  to  

c a r t i la g e  in  v i t r o  (5 4 ), r e l a t iv e ly  h ig h  d o s a g e s  a r e  

n e e d e d , a n d  s u c h  a  r o le  c o u ld  n o t  b e  s u b s t a n t i a t e d  b y  

in t r a a r t ic u la r  in je c t io n  in to  t h e  k n e e  j o i n t s  o f  m ic e  a n d  

ra b b i ts  (2 5 ). H o w e v e r ,  in  th e  p r e s e n c e  o f  lo w  c o n c e n 

t r a t io n s  o f  IL -1 ,  T N F a  m a y  s y n e r g iz e  w i th  IL -1  (5 5 ).

T o  p r o v o k e  th e  e x p r e s s io n  o f  s lu m b e r in g  C I A , 

a d d it io n a l  T N F a  a p p e a r e d  to  b e  a s  p o w e r f u l  a s  a d d i 

t io n a l  IL -1  (1 7 -2 0 ) . T h e s e  c y to k in e s  c a n  in d u c e  c h e -  

m o ta c t ic  f a c to r s ,  a n d  th e  f a c t  t h a t  T G F /3 , w h ic h  is  a  

p o w e r fu l  im m u n o s u p p r e s s iv e  b u t  a l s o  a  p o t e n t  c h e m o -  

ta c t ic  f a c to r ,  c a n  a ls o  a c c e l e r a t e  C I A  e x p r e s s io n  is  in

k e e p in g  w i th  th is  r e a s o n in g  (1 9 ,2 0 ,5 6 ,5 7 ) . R e c e n t ly ,  it 

w a s  s h o w n  t h a t  e x p r e s s io n  c a n  a ls o  b e  e n h a n c e d  b y  

s y s te m ic  a d m in i s t r a t io n  o f  L P S  (30) o r  b y  lo c a l  in je c 

t io n  o f  Z y m o s a n  (3 1 ). D e p e n d e n t  o n  th e  d o s e ,  th e  

l a t t e r  in je c t io n  c a u s e d  p r im a r y  e x p r e s s io n  o f  C IA  in  

th e  in je c te d  j o i n t ,  o r  s p i l lo v e r  o c c u r r e d  in  th e  d ra in in g  

l im b . T h e  in f la m m a t io n  in  th e  d ra in in g  s i te ,  in  p a r t i c 

u la r ,  w a s  s e n s i t iv e  to  a n t i - T N F a t r e a t m e n t . H o w e v e r ,  

a t  b o t h  s i t e s ,  a n t i - I L - 1  t r e a tm e n t  w a s  s u p e r io r  in  

s u p p r e s s in g  in f la m m a tio n  (31 ). A l th o u g h  it  c a n n o t  b e  

to ta l ly  e x c lu d e d  t h a t  L P S  a c c e le r a t io n  m a y  sh if t  c y to 

k in e  b a la n c e s ,  o u r  p r e s e n t  d a ta  s h o w  s im ila r  e ff ic a c y  

o f  a n t i - T N F  a  a n d  a n t i - I L - 1  t r e a tm e n t  in  s p o n ta n e o u s  

( c la s s ic )  C I A , a s  c o m p a r e d  w i th  L P S - a c c e le r a te d  C IA .

A l th o u g h  th e  s e v e r i ty  o f  C IA  is  g e n e ra l ly  

s c o r e d  in  th e  p a w s ,  p r o f o u n d  in f la m m a tio n  is  a ls o  s e e n  

in  th e  k n e e  j o in t .  T h is  in  c o n t r a s t  to  a  r a th e r  s e le c t iv e  

p a w  in v o lv e m e n t  in  c la s s ic  a d ju v a n t -  a n d  S C W - 

in d u c e d  a r th r i t i s  in  L e w is  r a t s  (58 ). A  g re a t  a d v a n ta g e  

o f  k n e e  j o i n t  a n a ly s is  is  th e  h ig h e r  d e g re e  o f  s ta n d a r d 

i z a t io n  o f  h is to lo g ic  s e c t io n s  a n d  th e  a l lo w a n c e  f o r  

d e ta i le d  a n a ly s is  o f  m e s s a g e  e x p r e s s io n  in  d e f in e d  

s a m p le s  o f  s y n o v ia l  t i s s u e  a n d  c a r t i la g e  s tr ip s .

M e s s a g e  e x p r e s s io n  f o r  IL -1 /3  is h ig h ly  u p -  

r e g u la te d  in  b o th  s y n o v iu m  a n d  c a r t i la g e .  A n t i - I L - 1 /3 

t r e a t m e n t  p r o f o u n d ly  r e d u c e d  th is  m e s s a g e  in  th e  

s y n o v iu m , b u t  u n e x p e c te d ly ,  th e  m e s s a g e  in  th e  c a r 

t i l a g e  r e m a in e d  h ig h . T h e  p r o c e s s  in  th e  a r t ic u la r  

c a r t i la g e  p r o b a b ly  is  a u to c r in e  o r  p a r a c r in e  r e g u la te d  

in  t h a t  p h a s e  o f  th e  a r th r i t i s .  A n t i - I L - 1/3 a n t ib o d ie s  

w ill n o t  e n t e r  th e  c a r t i la g e ,  a n d  f u r th e r  a n a ly s is  o f  

m e s s a g e  e x p r e s s io n  a n d  f u n c t io n a l  a n a ly s is  o f  c a r t i 

la g e  m e ta b o l i s m  a f t e r  I L - l R a  t r e a tm e n t  is w a r r a n te d .  

T N F a  e x p r e s s io n  s e e m e d  le s s  e n h a n c e d  c o m p a re d  

w i th  IL -1 /3 , b u t  w a s  n e v e r th e le s s  c le a r ly  h ig h e r  th a n  

c o n t r o l  v a lu e s  in  b o th  s y n o v iu m  a n d  c a r t i la g e . T N F a  

m e s s a g e  w a s  a ls o  r e d u c e d  in  th e  s y n o v iu m  a f te r  

a n t i - I L - 1 /3 t r e a tm e n t ,  in d ic a t in g  th a t  r e d u c e d  a c t iv a 

t i o n  o f  t h e  c e l ls  in  th e  s y n o v iu m , in  g e n e ra l ,  w a s  

a c h ie v e d  w i th  s u c h  t r e a tm e n t .

T h e  f i r s t  c l in ic a l  t r ia l s  w ith  a n t i - T N F a  a n t ib o d 

ie s  in  R A  p a t ie n t s  s h o w  p ro m is in g  s y m p to m a t ic  re l ie f ,  

a n d  a n a ly s is  o f  s y n o v ia l  t i s s u e  p o in ts  to  d e c r e a s e d  

e x p r e s s io n  o f  a d h e s io n  m o le c u le s ,  c o n s is te n t  w ith  

r e d u c e d  c e l l  in f lu x  a n d /o r  lo c a l  c e ll  a c t iv a t io n  (3 ,1 0 — 

12). E f f ic a c y  s e e m s  to  b e  r e la te d  to  th e  s u b c la s s  o f  

a n t ib o d ie s  u s e d .  D a t a  o n  p r o te c t iv e  e f fe c ts  a g a in s t  

c a r t i la g e  d e s t r u c t io n  a r e  th u s  f a r  la c k in g . W h e th e r  th e  

p r o c e s s  o f  C I A  is c lo s e  to  t h a t  o f  th e  d is e a s e  in  h u m a n s  

is , o f  c o u r s e ,  h a r d  to  te l l ,  b u t  i f  so , it w o u ld  b e  

te m p t in g  to  s p e c u la te  th a t  th e  c h r o n ic  p h a s e  o f  th e



808 JO O ST E N  E T  A L

d is e a s e  in  h u m a n s  s h o u ld  in  f a c t  b e  c o n s id e r e d  a s  a  

r e p e t i t iv e  f la re , g iv e n  th e  T N F  a  d e p e n d e n c e  o f  th e  

o n s e t  o f  C IA  a n d  b a c te r ia l  f la r e s  a n d  th e  r e la t iv e  

in s e n s i t iv i ty  a t  l a t e r  s ta g e s .  I t  c a n n o t  b e  e x c lu d e d  th a t  

a n t i - I L - 1  t r e a t m e n t  w o u ld  s t i l l  b e  s u p e r i o r  to  

a n t i - T N F a t r e a tm e n t ,  p a r t i c u la r ly  in  te r m s  o f  p r o t e c 

t io n  a g a in s t  c a r t i la g e  d e s t r u c t io n .  U n f o r tu n a te ly ,  g o o d  

n e u tr a l iz in g  h u m a n iz e d  a n t i - I L - 1  a n t ib o d ie s  a r e  n o t  

y e t  a v a i la b le ,  a n d  t h e  r e c e n t  t r i a l s  w i th  I L - I R a  h a v e  

n o t  b e e n  fu lly  a n a ly z e d  (3 ,4 ) . B a s e d  o n  o u r  o b s e r v a 

t io n s  o f  th e  n e e d  o f  e x t r e m e ly  h ig h  I L - I R a  d o s a g e s  to  

a f fe c t  c a r t i la g e  p r o te o g ly c a n  s y n th e s i s  d i s tu r b a n c e  in  

a n t ig e n - in d u c e d  a r th r i t i s  (2 6 ), o r  to  s u p p r e s s  C IA , 

u n d e r d o s in g  in  th e  p r e s e n t  c l in ic a l  t r ia ls  m a y  b e  a  

s e r io u s  c o n c e r n .

A l th o u g h  i t  is  d iff ic u lt to  e x t r a p o la te  p h a r m a 

c o k in e t ic  f in d in g s  in  m ic e  to  d e m a n d s  in  h u m a n s ,  it is  

h o p e d  th a t  s u b s ta n t ia l ly  h ig h e r  d o s e s  o f  I L - I R a  a re  

b e in g  c o n s id e r e d  f o r  u p c o m in g  t r i a l s ,  s in c e  th e  f irs t  

r e s u l t s  h a v e  b e e n  m e d io c r e .  M e a n w h i le ,  i t  is  te m p tin g  

to  f u r th e r  in v e s t  in  th e  d e v e lo p m e n t  o f  s e le c t iv e  I L - 1 -  

p r o d u c t io n  in h ib i to r s  o r  in h ib i to r s  o f  I L - 1 - c o n v e r t in g  

e n z y m e  ( I C E ) . T h e  p r e s e n t  d a t a  in  C IA  h a v e  id e n tif ie d  

I L - 1/3 a s  a  r e l e v a n t  th e r a p e u t i c  t a r g e t  in  th is  f o rm  o f  

e x p e r im e n ta l  a r th r i t i s .  I C E - d e f ic ie n t  m ic e  h a v e  r e 

c e n t ly  b e e n  e s ta b l i s h e d  (5 9 ), a n d  p r o p e r  a n a ly s is  o f  

v a r io u s  f o r m s  o f  a r th r i t i s  in  t h e s e  “ k n o c k - o u t”  m ic e  

s e e m s  w a r r a n te d ,  to  f u r t h e r  id e n t i f y  IL -1 /3  o r  I C E  a s  a  

v a l id  th e r a p e u t i c  t a r g e t .
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