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F e v e r  is  f r e q u e n t ly  o b s e r v e d  in  c a n c e r  p a t i e n t s  t r e a t e d  

w i t h  h ig h - d o s e  r e c o m b in a n t  h u m a n  in te r le u k in - 2  ( r I L - 2 ) . 

T h e  p r e i n c u b a t i o n  o f  r lL - 2  w ith  p o ly m y x in  B , a n  a n t i b i ­

o t i c  t h a t  i n h ib i t s  t h e  b io lo g ic  e f f e c t s  o f  e n d o t o x i n s ,  d id  

n o t  d im in i s h  th e  p y r o g e n ic i ty  o f  I L - 2  in  N e w  Z e a la n d  

r a b b i t s ,  i n d ic a t in g  th a t  I L - 2 - in d u c e d  f e v e r  is  n o t  d u e  to  

c o n t a m i n a t i n g  e n d o to x in s .  I n  c o n t r a s t  to  i n t e r l e u k i n - 1 

( I L - 1 ) ,  t u m o r  n e c r o s i s  f a c to r  ( T N F ) ,  a n d  i n t e r f e r o n  a ,  

w h i c h  c a u s e  f e v e r  th r o u g h  t h e i r  e f f e c t s  o n  a r a c h id o n ic  

a c i d  m e ta b o l i s m  in  th e  h y p o th a l a m u s ,  I L - 2  w a s  u n a b le  t o  

i n d u c e  p r o s t a g la n d in  E 2 s y n th e s i s  in  h y p o th a l a m ic  c e lls  

o r  f i b r o b l a s t s  in vitro, s u g g e s tin g  t h a t  I L - 2  is  n o t i n t r i n s i ­

c a l l y  p y r o g e n ic .  T o  d e t e r m in e  i f  I L - 2 - in d u c e d  f e v e r  is  

m e d i a t e d  in d i r e c t ly  th r o u g h  th e  g e n e r a t io n  o f  p y r o g e n ic  

c y t o k i n e s ,  c u l tu r e  s u p e r n a ta n t s  f r o m  I L - 2 - s t im u la t e d  h u ­

m a n  p e r ip h e r a l  b lo o d  m o n o n u c lc a r  c e l l s  w e re  s c r e e n e d  

f o r  t h e  p r e s e n c e  o f  p y r o g e n s  b y  d i r e c t  in je c t io n  in to  

r a b b i t s  a n d  b y  m e a s u r in g  th e  a m o u n t s  o f  IL -1  a ,  I L - 1 0 ,  

a n d  T N F a  b y  s p e c if ic  r a d io im m u n o a s s a y s  ( R IA ) . A ll  

t h r e e  c y to k in e s  w e r e  r e a d i ly  d e t e c t e d  b y  R I A  in  t h e s e  

s u p e r n a t a n t s ,  w h ic h  in  t u r n  c a u s e d  f e v e r  w h e n  in j e c t e d  

i n t o  r a b b i t s .  F u r t h e r m o r e ,  in  s ix  o f  s ix  c a n c e r  p a t i e n t s  

t r e a t e d  w ith  r I L - 2 ,  e l e v a te d  l e v e l s  o f  T N F a  w e r e  d e ­

t e c t e d  in  t h e  p l a s m a  b y  R I A  2  h r  a f t e r  I L - 2  a d m in i s t r a ­

t i o n ;  P l a s m a  T N F  le v e l s  i n c r e a s e d  f r o m  p r e t r e a t m e n t  

v a l u e s  o f  14 ±  7  t o  7 6 5  ±  150 p g /m l  2  h r  a f t e r  a n  I L - 2

‘ D i v i s i o n  o f  H e m a to lo g y - O n c o lo g y ,  D e p a r t m e n t  o f  M e d i c in e ,  

T u f t s  U n iv e r s i ty  S c h b o l  o f  M e d ic in e  a n d  N e w  E n g la n d  M e d i c a l  

C e n t e r ,  B o s to n ,  M a s s a c h u s e t t s  0 2 1 1 1 .

2I m m u n o l o g y  P r o g r a m ,  T u f t s  U n iv e r s i ty  S c h o o l  o f  M e d i c in e ,  

B o s t o n , M a s s a c h u s e t t s  0 2 1 1 ! .

3D i v i s i o n  o f  I n f e c t io u s  D is e a s e ,  D e p a r tm e n t  o f  M e d ic in e ,  T u f t s  

U n i v e r s i t y  S c h o o l  o f  M e d ic in e  a n d  N e w  E n g la n d  M e d ic a l  

C e n t e r ,  B o s to n ,  M a s s a c h u s e t t s  0 2 1 I I .

4D e p a r t m e n t  o f  B io lo g y ,  T u f t s  U n iv e r s i ty ,  M e d f o r d ,  M a s s a c h u ­
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in je c t io n . T h e s e  r e s u l t s  s t r o n g ly  i m p l i c a t e  I L - 2 - i n d u c e d  

p y r o g e n ic  c y t o k i n e s ,  in  p a r t i c u l a r  T N F a ,  a s  a  m a j o r  

c a u s e  o f  th e  f e v e r  a n d  p o s s ib ly  o t h e r  a s p e c t s  o f  t h e  

a c u te - p h a s e  r e s p o n s e  a s s o c i a t e d  w i t h  I L - 2  t h e r a p y .

K E Y  W O R D S ; I n t e r l e u k in - 2 ;  t u m o r  n e c r o s i s  f a c t o r ;  f e v e r .  

I N T R O D U C T I O N

C an c e r  p a tie n ts  u n d e rg o in g  t re a tm e n t w ith  h ig h -  

d o s e  re co m b in a n t in te rle u k in -2  (rIL -2 )  d e v e lo p  a n  

a r ra y  o f  p o te n tia lly  l ife - th re a te n in g  s id e  e f fe c ts  in ­

c lu d in g  c h ills ,  fe v e r , a n d  h y p o te n s io n  b e g in n in g  

a p p ro x im a te ly  2 h r  a f te r  in itia t in g  th e ra p y  ( 1 - 5 ) .  

A lth o u g h  th e  c o n c o m ita n t a d m in is tra tio n  o f  a n t ip y ­

r e tic s  u su a lly  s u p p re s s e s  IL -2- in d u c e d  fe v e r, t e m ­

p e ra tu re s  in  e x c e ss  o f  42°C h a v e  b e e n  r e c o r d e d  in  

s o m e  p a tie n ts . T h e  a d m in is tra tio n  o f  IL -2  a ls o  

c a u s e s  m a rk e d  e lev a tio n s  in  th e  s e ru m  le v e ls  o f  

h e p a tic  a c u te -p h a s e  p ro te in s  a n d  s tre s s - re la te d  p i ­

tu i ta ry  h o rm o n e s  (1 , 6 ). W h e th e r  th e s e  d iv e r s e  

s y s te m ic  e ffec ts  c a n  b e  a tt r ib u te d  d ire c tly  to  th e  

IL -2 , to  d e te rg e n ts  o r  c o n ta m in a tin g  e n d o to x in s  in  

th e  IL -2  p re p a ra t io n s , o r  to  c y to k in e s  g e n e r a te d  in  

re s p o n se  to  IL -2  is u n c e r ta in . T h e  la te  o n s e t  o f  

fevei- a f te r  a n  IL -2  in je c tio n ; th e  a b ili ty  o f  I L -2  to  

s tim u la te  th e  s y n th e s is  o f  in te r f e ro n  7 , ly m p h  o to -  

x in , an d  tu m o r  n e c ro s is  fa c to r  (T N F )  in  c u l tu r e d  

p e rip h e ra l b lo o d  m o n o n u c le a r  c e lls  (P B M C ) (7 , 8 ) ;  

a n d  th e  ab ility  o f  T N F  to  in d u c e  fe v e r  in  b o th  

ex p e r im en ta l a n im a ls  (9) an d  h u m a n s  (10) s u p p o r t  

th e  v iew  th a t  IL -2 -in d u c e d  p y ro g e n ic  c y to k in e s  

m ay  b e  re s p o n sib le  fo r  a t  le a s t  s o m e  o f  th e  to x ic  

e ffec ts  a t tr ib u te d  to  IL -2 .

T o  a sse ss  th e  c o n tr ib u tio n  o f  IL -2 - in d u c e d  p y r o ­

g en s  to  th e  to x ic ity  o f  IL -2  t re a tm e n t,  w e  e m p lo y e d
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ra d io im m u n o as sa y s  fo r  T N F a  a n d  I L - l a  an d  IL -1  (5 

to  q u a n tita te  th e s e  c y to k in e s  b o th  in  c u ltu re  s u p e r ­

n a tan ts  o f  IL -2 -a c tiv a te d  P B M C  an d  in  th e  p la sm a  

o f  c an c e r p a ti e n ts  tre a te d  w ith  IL -2 . O u r s tu d ie s  

ind ica te  th a t  IL -2  is n o t in tr in s ic a lly  p y ro g en ic , n o r  

is  its  ab ility  to  c a u s e  fe v e r  in  e x p e r im en ta l an im a ls  

d u e  to  c o n ta m in a tin g  e n d o to x in s . O n  th e  o th e r  

h a n d , o u r  d a ta  d e m o n s t ra te  th a t  th e  a d m in is tra tio n  

o f  IL -2 re s u lts  in  th e  p ro m p t re le as e  o f  T N F a  in to  

th e  c irc u la tio n  a n d  s u g g e s t th a t  th is  in d u c ib le  p y ro ­

g en  m ay be  re s p o n s ib le  fo r  th e  fe v e r  a n d  o th e r  s id e  

effects  a s s o c ia te d  w ith  IL -2  tre a tm e n t.

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

Cytokine Preparations

H u m an  r IL -2  w a s  p ro v id e d  a s  a  ly o p h iliz ed  p o w ­

d e r  by C e tu s  C o rp o ra t io n ,  E m ery v ille , C A . T h e  

p re p a ra tio n  u ti l iz e d  in  th e  in vitro s tu d ie s  an d  in  th e  

an im al p y ro g en  e x p e r im e n ts  w as  id en tica l to  th e  

m ateria l u n d e rg o in g  e v a lu a tio n  in  c a n c e r p a tie n ts  a t 

o u r in s ti tu tio n . T h e  b io lo g ica l a c tiv ity  o f  th e  IL -2  

w as con firm ed  in  o u r  la b o ra to ry  using  a  s ta n d a rd  

3H -th y m id in e  in c o rp o ra tio n  a ss a y  w ith  p h y to h e ­

m ag g lu tin in  (P H A )-a c tiv a te d  h u m a n  T  ly m p h o ­

b la s ts  ( 11), a n d  th e  c o n c e n tra tio n  y ie ld ing  50%  

m ax im al in c o rp o ra tio n  (1 U /m l) w as 0.3  ng /m L  All 

p re p a ra tio n s  c o n ta in e d  le ss  th a n  0.01 ng o f  e n d o ­

to x in /m g  p ro te in  a s  d e te rm in e d  by  th e  L im u lu s  

a ssa y . T h e  IL -2  w as  re c o n s ti tu te d  im m ed ia te ly  

p rio r  to  u s e  in p y ro g e n -f re e  s te r ile  w a te r  an d  d ilu te d  

to  th e  a p p ro p r ia te  c o n c e n tra tio n  in  s te r ile  s a lin e  o r  

tis su e  c u ltu re  m e d iu m . A  p ro p r ie ta ry  m ix tu re  o f  

so d iu m  d o d e cy l su lfa te  an d  m a n n ito l p re s e n t  in  th e  

IL -2  fo rm u la tio n , h e n ce fo r th  re fe r re d  to  a s  e x c i ­

p ie n t , w as  a ls o  p ro v id e d  by  C e tu s  C o rp o ra tio n  to  

s e rv e  as  an  e x p e r im e n ta l  c o n tro l . In te r le u k in -1 (IL - 

1) w as  p u rified  to  h o m o g e n e ity  fro m  th e  c o n d i ­

t io n e d  m e d ia  o f  h u m a n  m o n o cy te s  e x p o s e d  to  h e a t-  

k illed  Staphylococcus albus (12). R ec o m b in a n t 

I L - l a  a n d  IL -1 (3 w e re  k in d ly  p ro v id e d  b y  H ofifm an- 

L a R o c h e  an d  C is t ro n  B io te ch n o lo g y , In c .,  P ine  

B ro o k , N J , re s p e c tiv e ly . T N F a  w as  o b ta in e d  f ro m  

G e n e n te c h , I n c . ,  S o u th  S a n  F ra n c is c o , C A .

Preparation o f PBMC Conditioned Media

H u m a n  P B M C  w ere  o b ta in e d  fro m  th e  h e p a r i-  

n ized  v e n o u s  b lo o d  o f  h e a lth y  d o n o rs  by  d e n s ity -  

g ra d ie n t c e n tr ifu g a tio n  w ith  ly m p h o c y te  s e p a ra tio n  

m ed iu m  (L itto n ) , w a sh e d , a n d  re s u s p e n d e d  a t a

Jer y f j *  l o6; » l  i n mi ni mal  essent i al  
m e d iu m  (M E M ) c o n ta in in g  1%  h e a t- in ac tiv a te d  fe u -: 

m an  A B  s e ru m  (M A  B io p ro d u c ts , W alkersv iU e, 

M D ). T h e  ce lls  w ere  in c u b a ted  o v e rn ig h t a t 37°C in. 

a  5% C 0 2 a tm o sp h e re  in th e  p re s e n c e  o f  100 ng/m l 

e n d o to x in  (S igm a) o r  10 (xg/ml p o ly m y x in  B (P fizer) 

w ith  v a rio u s  c o n c e n tra tio n s  o f  r IL -2  rang ing  fro m  0 

to  103 U /m l in  5-m l a liq u o ts  in 50-m l p o ly p ro p y len e  

cen tr ifu g e  tu b es  (C orn ing ). T h e  ce lls  w e re  th e n  

re m o v e d  by  c en tr ifu g a tio n  a t  500g fo r  10 m in an d

th e  s u p e rn a ta n ts  f ro z e n  a t - 7 0 ° C  un til u sed .

Pyrogen Assays

F e m a le  a lb in o  N e w  Z ea lan d  rab b its  w eighing  

a p p ro x im a te ly  2 kg  w e re  o b ta in e d  fro m  a  single 

s u p p lie r  and  tra in e d  fo r  p y ro g en  te s t in g  a s  p rev i ­

o u s ly  d e sc rib e d  (13). C o re  te m p e ra tu re s  w ere  m ea ­

s u re d  using  in d w ellin g  re c ta l th e rm is to rs  (Y ellow  

S p rin g  In s tru m e n ts , Y ellow  S p rin g , O H ) and  re ­

c o rd e d  a t 1-m in in te rv a ls  on  a  D ig istrip  I I  p rin te r  

(K a y e  In s tru m e n ts , B ed fo rd , M A ). B ase lin e  ra b b it 

re c ta l  te m p e ra tu re s  w e re  d e te rm in e d  by co m p u tin g  

th e  m ean  te m p e ra tu re  o v e r  a n  in te rv a l rang ing  fro m  

30 m in  b e fo re  to  10 m in  a fte r  th e  in jec tio n  o f  th e  

m a te ria l  b e in g  a ss a y e d . F e v e r  w as  m easu red  re la ­

t iv e  to  th e  m e an  b a se lin e  te m p e ra tu re . R ab b its  w e re  

b a s e lin e  te m p e ra tu re s  v a ry in g  m o re  th a n  0.3°C  

w ere  n o t u s e d . A ll m a te ria ls  a d m in is te red  as a n  

in tra v e n o u s  b o lu s  in jec tio n  w e re  w arm ed  to  39°C 

b e fo re  in jec tio n  an d  in jec ted  v o lu m es  did  n o t e x ­

c eed  20 m l. In  sev e ra l e x p e r im e n ts , rIL -2  w as 

a d m in is te red  a s  a  p ro lo n g ed  in tra v en o u s  in fu sio n  

in to  a  la te ra l e a r  v e in  u tiliz in g  a  sy rin g e  in fu sio n  

p u m p  (H a rv a rd  A p p a ra tu s  C o . , D o v e r, M A ) 

a d ju s te d  to  in jec t a t  a  ra te  o f  6 m l/h r. In  so m e  

e x p e r im e n ts , th e  ra b b its  re c e iv e d  ib u p ro fen  

(U p jo h n ), 10 m g/kg , a s  a b o lu s  in je c tio n  fo llow ed  by  

a  c o n tin u o u s  in fu s io n  a t a  ra te  o f  1.0 m g/kg /h r in  

a d d itio n  to  IL -2 . R e c o m b in a n t IL -2  w as a lso  p re m - 

c u b a te d  fo r  2 h r  a t  39°C w ith  10 jig /m l po ly m y x in  B 

to  in a c tiv a te  e n d o to x in s  b e f o r e  in jec tio n  in to  ra  

b its  (14). In  th e s e  s tu d ie s , th e  IL -2  preparationi w a s  

d ilu te d  to  a  c o n c e n tra tio n  o f  le ss  th a n  40,000 m

b e fo re  ad d in g  th e  an tib io tic .

Prostaglandin E2 (PGE2) Assays

R ab b it  h y p o th a la m ic  m in ces  p re p a re d  a s  p re v i ­

o u s ly  d e sc rib e d  (15) as w ell a s  h u m an  fo resk  

fib ro b la s ts  a n d  P B M C  w e re  u s e d  to  te s t  th e  ab ility

Journal o f Clinical Immunology, Vol. 8, No. 6, 198S
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o f  r I L -2  to  in d u c e  p ro s ta g lan d in  E 2 (P G E 2) s y n th e ­

s is  in vitro. T h e  f ib ro b las ts  w e re  c u ltu re d  in  R P M I 

1640 m e d iu m  c o n ta in in g  10%  h e a t- in a c tiv a te d  fe ta l 

c a lf  s e r u m  a n d  w e re  sp lit e v e ry  4 d a y s . T h e  fib ro ­

b la s ts  w e r e  u ti l iz e d  a s  in d ic a to r  c e lls  a fte r 3 w eek s  

in  c u l tu r e  a n d  w e r e  a t  50%  c o n flu en ce  a t th e  t im e  o f  

t h e  a s s a y s .  T h e  ce lls  w e re  w a sh e d  in  M E M  an d  

in c u b a te d  a t  37 °C  fo r  4  h r  in  M E M  co n ta in in g  10 fjig/ 

m l p o ly m y x in  B  an d  th e  a p p ro p ria te  d ilu tio n  o f  

r IL -2  o r  o t h e r  c y to k in e . T h e  s u p e rn a ta n ts  w e re  

c o lle c te d  a n d  f r o z e n  a t  -7 0 ° C  u n til a s s a y e d . T h e  

P G E 2 a s s a y s  w e r e  p e rfo rm ed  in  d u p lic a te  u s in g  a  

s p e c if ic  ra d io im m u n o a s s a y  (S e rag e n , B o s to n , M A ) 

a n d  th e  r e s u l t s  a r e  e x p re ss ed  a s  p ico g ram s o f  P G E 2 

p e r  104 f ib r o b la s ts . H u m an  P B M C  w e re  c u ltu re d  

o v e rn ig h t a t  a  d e n s ity  o f  106 ce lls/m l in  M E M  

c o n ta in in g  \%  A B  se ru m  a n d  e ith e r  r I L -2 o r  a 

s u s p e n s io n  o f  h ea t-k illed  Staphylococcus albus. 

T h e s e  s u p e r n a ta n t s  w e re  sim ilarly  a ss ay ed  a n d  the 

re s u lt s  a r e  e x p r e s s e d  a s  p ico g ram s o f  P G E 2 p e r  

m ill i l i te r  o f  c u l tu r e  m ed ium .

Clinical Specimens

S e ria l  p la s m a  s am p les  fo r  th e  h u m a n  s tu d ie s  w ere  

o b ta in e d  f r o m  c a n c e r  p a tie n ts  e n ro lle d  in  a n  o n g o ­

in g  P h a s e  I I  c l in ic a l  tria l w ith  r IL -2  a n d  au to lo g o u s  

ly m p h o k in e -a c tiv a te d  k ille r (L A K ) ce lls . P a tie n ts  

w e r e  in it ia l ly  t r e a te d  w ith  r lL -2 a lo n e  a t a  d o s e  o f 

100 ,000  U /k g  b y  b r ie f  in trav en o u s  in fu s io n s  e v e r y  8 

h r  f o r  3 c o n s e c u t iv e  d ay s . U n le ss  o th e rw ise  s ta te d , 

th e  p la s m a  s a m p le s  fo r  th is  in v e s tig a tio n  w e re  o b ­

ta in e d  a f t e r  th e  f ir s t  in jec tio n . A fte r  a 36-hr re s p ite , 

th e  p a t ie n ts  w e r e  su b jec ted  to  fo u r  c o n s e c u tiv e  

d a ily  le u k a p h e r e s e s  an d  th e  h a rv e s te d  P B M C  w ere  

c u ltu re d  in  rIL -2 -s u p p le m e n te d  m ed iu m  a s  d e ­

s c r ib e d  b y  R o s e n b e rg  et al. {3). T h e  1L-2 tre a tm e n t 

w a s  th e n  r e s u m e d  a s  a  c o n tin u o u s  in fu sio n  a d m in ­

is te re d  in  c o n ju n c t io n  w ith  th e  L A K  ce lls . T h is  tria l 

w a s  p re v io u s ly  a p p ro v e d  by  th e  H u m a n  In v es tig a ­

t io n  R e v ie w  B o a r d  a t  th e  N e w  E n g lan d  M ed ica l 

C e n te r ,  a n d  a ll s tu d y  p a rt ic ip an ts  g av e  p r io r  in ­

fo rm e d  c o n s e n t .

Cytokine Radioimmunoassays (RIAs)

B lo o d  s a m p le s  fo r  th e  T N F  an d  IL -1 R IA s  w e re  

c o lle c te d  in  7 -m l v a cu u m -sea led  tu b es  co n ta in in g  

10 .5  m g  o f  E D T A  an d  3.5 try p s in  in h ib ito r  u n its  o f  

a p ro tin in  (S ig m a ) . T h e  sam p les  w e re  first c e n tr i ­

fu g e d  a t  5 0 0 #  f o r  15 m in , th e  p la sm a  w as  re m o v e d ,

a n d  th e n  th e  sam p les  w e re  s u b je c te d  to  a  s e c o n d  

c en tr ifu g a tio n  a t  10,000# fo r  4  m in  to  e l im in a te  

re s id u a l p la te le ts . A ll p la sm a  s a m p le s  w e re  s to re d  

a t -2 0 ° C  u n til a s s a y e d .

T N F a  lev e ls  in  p la sm a  a n d  c u ltu re  s u p e r n a ta n ts  

w e re  m e asu re d  b y  a  c o m p e t it iv e  in h ib itio n  R I A  

(16). R e c o m b in a n t T N F a  s ta n d a rd s  w e re  p re p a re d  

a t c o n c e n tra tio n s  ra n g in g  f ro m  5 p g /m l to  5 n g /m l in  

a n  R IA  b u ffe r c o n ta in in g  0.01 M  N a  p h o s p h a te , 

0 .25%  bo v in e  se ru m  a lb u m in  (B S A ), a n d  0 .05 %  N a  

a z id e  in  0.15 M  N a C l, p H  7 .4 . T r ip lic a te  100-jxl 

a liq u o ts  o f  p la sm a , c u ltu re  s u p e r n a ta n ts , T N F  s t a n ­

d a rd s , o r b u ffe r a lo n e  w e re  m ix e d  w ith  300 jxl o f  

0 .3 %  n o rm al ra b b it se ru m  (N R S )  a n d  100 | Jt l o f  

d ilu te d  ra b b it a n ti-T N F  a n tis e ru m  in  10 x  7 5 -m m  

p o ly s ty re n e  tu b e s . T h e  a n ti-T N F  a n tis e ru m  u s e d  in  

th e s e  a ssa y s  w as  g e n e ra te d  in  r a b b its  b y  re p e a te d  

im m u n iza tio n  w ith  re c o m b in a n t h u m a n  T N F a .  

S am p les  w e re  in c u b a te d  fo r  24 h r  a t  ro o m  te m p e r ­

a tu re . R ad io lab e led  T N F  w as p r e p a re d  u s in g  a  

m odified  c h lo ra m in e  T  te c h n iq u e . O n e  h u n d re d  

m ic ro lite rs  o f  125-I -T N F  (7 x  105 c p m /m l, 10 [xCi/ 

jxg) w as  th e n  a d d e d  to  th e  a s s a y  tu b e s . A f te r  

a n o th e r  24-hr in c u b a tio n , 700 \\X o f  a  6%  p o ly e th y l ­

e n e  g lyco l (6000 M W ) s o lu tio n  c o n ta in in g  1 .4 %  

s h e e p  an ti-rab b it IgG  (S igm a) w a s  a d d e d  to  e a c h  

s am p le . P re c ip ita b le  im m u n e  c o m p le x e s  w e re  c o l ­

le c te d  by c en tr ifu g a tio n  fo r  15 m in  a t  lOOOg. F o l ­

low ing  th e  d e c a n ta tio n  o f  th e  s u p e r n a ta n ts , th e  

rad io a c tiv ity  o f  th e  p e lle te d  m a te ria l  w as  d e t e r ­

m in ed  w ith  a  B ec k m a n  4000 g a m m a  c o u n te r . A ll 

sam p les  w e re  a s s a y e d  in  tr ip lic a te  a n d  s ta n d a rd  

e r ro rs  w ere  le ss  th a n  6% . T h is  R IA  d o e s  n o t d e te c t  

I L -1 o r  TN F(3 (ly m p h o to x in ) (16). T h e  c o n c e n tr a ­

t io n s  o f  I L - l a  an d  IL-1 (3 in  p la s m a  a n d  c u ltu re  

s u p e rn a ta n ts  w e re  a lso  m e a s u re d  b y  R IA  (17, 18).

IL-1 Bioassay

P la s m a  IL -1  lev e ls  w e re  m e a s u re d  as p re v io u s ly  

d e sc rib e d  (19). H e p a rin iz e d  b lo o d  w a s  o b ta in e d  

p r io r  to  an d  2, 4 , an d  8 h r  a f t e r  th e  first IL - 2  

in je c tio n  and  th e  p la sm a  s e p a ra te d  an d  f ro z e n  a t  

- 7 0 ° C . P la s m a (0.3 m l) w a s  a p p lie d  t o a  1 x  3 0 -cm  

c o lu m n  o f  a u to c la v e d  p a c k e d  S e p h a d e x  G 50-fine  

(P h arm ac ia ) p re v io u s ly  e q u il ib ra te d  w ith  s te r i le  

R P M I 1640 m ed iu m  c o n ta in in g  0 .1 %  B S A  an d  10 

(jig/ml p o ly m y x in  B . F ra c tio n s  o f  0 .6  m l w e re  c o l ­

le c te d  and  a s sa y e d  in  q u a d ru p lic a te  fo r  p ro life ra tiv e  

a c tiv ity  in a  3H -th y m id in e  in c o rp o ra tio n  a ss ay  u s in g  

as in d ic a to r  ce lls  a  s u b c lo n e  o f  th e  m u rin e  D 1 0 .G 4 .1
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help er T -cell lin e  sp ec ific a lly  s e le c te d  fo r  its  h ig h  

level o f  sen s itiv ity  to  IL -1  (20). T h e  a c tiv e  fra c tio n s  

(num bers 16 -19 ) f ro m  th e  gel f il tra tio n  co lu m n  w e re  

pooled . In  o r d e r  to  re d u c e  th e  IL -2  c o n c e n tra tio n , 

the p o o led  f ra c tio n s  w e re  th e n  p a s s e d  o v e r an  IL -2  

affinity co lu m n . T h e  a n ti-h u m a n  rIL -2  a n tib o d y  

used  in  th e  p re p a ra tio n  o f  th e  affin ity  gel w a s  ra is e d  

in a  N e w  Z e a la n d  r a b b it  b y  re p e a te d  m u ltip le -s iz e  

s u b c u ta n e o u s  in je c tio n s  o f  r IL -2  su sp en d e d  in 

F re u n d ’s a d ju v a n t. H y p e r im m u n e  IgG  w as  iso la te d  

from  a  47%  a m m o n iu m  su lfa te  p re c ip ita te  o f  s e ru m  

using  p ro te in  A  a g a ro s e  (G e n zy m e , B o s to n , M A ) 

affinity c h ro m a to g ra p h y  an d  im m o b ilized  by  c y a n ­

ogen  h ro m id e -a c tiv a te d  S e p h a ro s e  4B (P h a rm ac ia , 

P isc a taw a y , N J) . T h is  n eu tra liz in g  an ti-h u m a n  

rIL -2  IgG  w a s  re a d ily  d e te c te d  in  a  rIL -2  e n zy m e- 

lin k ed  im m u n o s o rb e n t a ss a y  (E L IS A ) u s in g  a  g o a t 

a n ti-ra b b it IgG  a n tib o d y  (H y c lo n e , L o g a n , U T ) as  

the  in d ic a to r  a n tib o d y . T h e  affin ity  gel c o n ta in e d  5 

m g IgG /m l g e l. C o lu m n s  co n ta in in g  0.5 m l o f  gel 

w e re  p re p a re d  in  P a s te u r  p ip e tte s . P o o led  f ra c tio n s  

16 -19  fro m  b o th  p re tre a tm e n t an d  p o s ttre a tm e n t 

p la sm a  s am p les  w e re  s low ly  p a s se d  o v e r th e  c o l ­

u m n s . N o n b in d in g  m a te ria l w a s  free  o f  IL -2  as  

d e te rm in ed  b y  E L I S A  ( In te rT e st-2 , G e n zy m e , B o s ­

to n ). T h e  n o n b in d in g , IL -2 -d e p le ted , m a te ria l 

(flow -th rough) w a s  th e n  in c u b a te d  o v e rn ig h t w ith  

1% N R S  o r  a n  a n ti  s e ru m  g e n e ra te d  ag a in s t h u m a n  

m o n o c y te -d e r iv e d  IL -1 (12) an d  su b se q u en tly  a s ­

s ay ed  a s  a b o v e  fo r  p ro life ra tiv e  a c tiv ity  w ith  

D 10.G 4.1  c e lls . A ll 3H -th y m id in e  in c o rp o ra tio n  a s ­

s ay s  w e re  p e r fo rm e d  in  q u a d ru p lic a te  a n d  s tan d a rd  

d e v ia tio n s  w e re  c o n s is te n tly  le ss  th an  5% .

R E S U L T S

Pyrogenicity o f rIL-2 in Rabbits

A s  sh o w n  in F ig . I , a  b o lu s  in je c tio n  o f  400 ,000  U 

(120 |xg)/kg o f  r IL -2  p ro d u c e d  a  m o n o p h a s ic  fe v e r  in 

ra b b its  w h ic h  b e g a n  a f te r  a  la te n t  p e rio d  o f  60 m in 

a n d  re a c h e d  m ax im a l e le v a tio n  90 to  120 m in  a fte r  

th e  in je c tio n . T h e  fe v e r  w as  u n a ffec ted  by p rio r  

in c u b a tio n  o f  th e  rlL ~2  w ith  p o ly m y x in  B . In  c o n ­

t r a s t ,  rIL -1  3 (100  ng /kg) in d u c ed  an  im m ed ia te  

f e v e r  w h ich  re a c h e d  p e ak  e lev a tio n  50 m in  a f te r  th e  

in je c tio n .

A s sh o w n  in F ig . 2 , th e  a d m in is tra tio n  o f  r IL -2  a t 

a  ra te  o f  100,000 U  (30 jxg/kg/hr in d u c ed  a  p ro g re s ­

s iv e  r is e  in  c o re  te m p e ra tu re  in  ra b b its  b e g in n in g  

a p p ro x im a te ly  2  h r  a f te r  in itia tin g  a n d  c o n tin u in g  

th ro u g h o u t th e  in fu s io n . T e m p era tu re  in c re m e n ts

Z e a la n d  r a b b i t s  w e r e  t r e a t e d  w i th  4 0 0 ,0 0 0  U /k g  r I L - 2  a lo n e  ( • )  

o r  IL -2  p r e i n c u b a te d  w i th  th e  e n d o to x in - b in d in g  a n ti b io t ic  po ly*  

m y x in  B  ( O )  ò r  w ith  m o n o c y t e - d e r iv e d  IL -1  ( □ ) .  I L -2 - a s s o c ia te d  

f e v e r  is  d e la y e d  r e l a t i v e  to  t h a t  in d u c e d  b y  IL -1  a n d  is  n o t  

d im in i s h e d  b y  p r e in c u b a t io n  o f  t h e  IL -2  w i th  p o ly m y x in  B . 

N u m b e r s  in  p a r e n t h e s e s  i n d ic a te  t h e  n u m b e r  o f  a n im a ls  in  e a c h  

t r e a t m e n t  g r o u p .

ran g in g  fro m  0 .35  to  2 .85°C  w ere  re c o rd e d  in  ind i ­

v id u a l ra b b its  4  h r  a f te r  b eg in n in g  th e  in fusion . T h e  

in d u c tio n  o f  fe v e r  w as  p re v en ted  by  in trav en o u s  

ib u p ro fen . T h e  in fu s io n  o f  ex c ip ien t m a te ria l a t a  

ra te  e q u iv a le n t to  th e  d o s e  re c e iv e d  by  th e  1L-2- 

tre a te d  an im a ls  d id  n o t c a u s e  fev e r. In fu sio n s  o f  

rIL -2  a t  a d o se  o f  10,000 U /k g /h r w e re  lik ew ise  

n o n p y ro g e n ic . .

E f fo r ts  to  d e te c t  c irc u la tin g  p y ro g en s  b y  d ire c t  

p la sm a  tra n s fe r  w e re  u n s u c c e s s fu l . In  th e se  e x p e r ­

im e n ts , 20 ml o f  h e p a r in iz e d  p la sm a  ta k en  fro m

- 0.6 -

Time (hr) o

F ig . 2 . M e a n  f e b r i le  r e s p o n s e

u o u s  in f u s io n .  N e w  Z e a la n d  r a b b i t s  t r e a t  „rt,v(tnieA b v  th e  

r I L - 2  d e v e lo p e d  f e v e r  ( • )  A n im a (s  t r e i t e d

Journal o f Clinical Immunology, Vol. 8, No. 6, 1988



430
MIER ET A L .

fe b rile  ra b b its  2  h r  a f te r  a n  IL -2  in je c tio n  (400 ,000  

U /kg) w as  in je c te d  in to  o th e r  ra b b its . O n ly  o n e  o f  

s e v e n  ra b b its  so  tre a ted  d e v e lo p e d  m o re  th a n  a  

0 .25°C  te m p e ra tu re  in c re a s e . C o n v e rse ly , p la s m a  

o b ta in e d  2 h r  a f te r  a  b o lu s  in je c tio n  o f  e n d o to x in  

fro m  an im a ls  w ith  te m p e ra tu re  e lev a tio n s  c o m p a ra ­

b le  to  th o s e  o f  th e  IL -2 -tre a te d  ra b b its  p ro d u c e d  

p r o m p t  fe b rile  re s p o n se s  in  th e  re c ip ie n t r a b b its  

c h a r a c te r is t ic  o f  th e  fe v e r  re su ltin g  fro m  e n d o g e ­

n o u s  p y ro g en s , (d a ta  n o t  sh o w n ).

Cytokine-Induced Prostaglandin E2 (PGE2) 
Synthesis

W e p re v io u s ly  d e m o n s tra te d  th a t  re c o m b in a n t 

h u m a n  IL -2  a t  c o n c e n tra tio n s  up  to  500 U /m l d o e s  

n o t in d u c e  P G E 2 sy n th es is  in  c u ltu re d  ra b b it  h y p o ­

th a la m u s  c e lls  (21). Id e n tic a l  re s u lts  w ere  o b ta in e d  

w ith  th e  r IL -2  p re p a ra tio n s  c u r re n tly  in  u s e  in  th e  

v a r io u s  IL -2 /L A K -c e ll  c lin ica l tr ia ls  u n d e r  w a y  a t  

o u r  in s ti tu tio n  (d a ta  n o t sh o w n ). T o  d e te rm in e  i f  

th e s e  n é g a tiv e  re s u lts  w ith  h u m a n  IL -2  a n d  ra b b it  

in d ic a to r  c e lls  w e re  a  c o n s e q u e n c e  o f  a n  u n s u s ­

p e c te d  s p e c ie s  sp ec ific ity , h u m a n  fo re s k in  fib ro ­

b la s ts  a n d  P B M C  w ere  e x p o s e d  to  v a rio u s  c o n c e n ­

t ra t io n s  o f  IL -2  a n d  th e  c o n d it io n e d  m ed ia  a s s a y e d  

f o r  P G E 2. A s  s h o w n  in T a b le  I ,  r I L -2  a t c o n c e n tr a ­

t io n s  ran g in g  u p  to  10,000 U /m l fa iled  to  in d u c e  

P G E 2 s y n th e s is  in  th e  f ib ro b la s ts , w h e rea s  I L -1 w a s  

c o n s is te n tly  p o s it iv e  in  th e s e  a s s a y s . H u m a n  

P B M C , o n  th e  o th e r  h a n d , p ro d u c e d  P G E 2, b u t o n ly  

in  re s p o n s e  to  h ig h  c o n c e n tra tio n s  (1000 U /m l) o f  

r IL -2  o r  to  o p s o n iz e d  Staphylococcus albus. A s  

d e m o n s tra te d  b e lo w , e le v a te d  le v e ls  o f  P G E 2 f ro m  

P B M C  s tim u la te d  w ith  h igh  c o n c e n tra tio n s  o f  r I L -2  

fo r  24 h r  a re  l ik e ly  s e c o n d a ry  to  th e  c o in d u c tio n  o f  

IL -1  a n d  T N F .

IL-2-Induced Pyrogenic Cytokines in PBMC 

Culture Supernatants

H u m a n  P B M C  p ro d u c e  s e v e ra l  c y to k in e s  w h e n  

e x p o s e d  to  h ig h  c o n c e n tra tio n s  o f  r IL -2  (7 , 8 ). In  

th e  p re s e n t s tu d ie s , w e  in je c te d  ra b b its  w ith  rIL -2 -  

s t im u la te d  P B M C  c u ltu re  s u p e rn a ta n ts  a n d  o b ­

s e rv e d  ra p id -o n s e t  m o n o p h a s ic  fe v e rs  c h a r a c te r is ­

t ic  o f  th e  re s p o n s e  to  e n d o g e n o u s  p y ro g e n s  (F ig . 3). 

In  th e s e  e x p e r im e n ts , th e  P B M C  w e re  in c u b a te d  f o r  

18 h r  in  th e  p re s e n c e  o f  500 U /m l o f  rIL -2  a n d  th e  

a m o u n t o f  r IL -2  c o n ta in e d  in  th e  in je c te d  s u p e r n a -

T a b le  I .  I n d u c t io n  o f  P G E 2 S y n t h e s i s

H u m a n  f o r e s k in  f i b r o b l a s t s

C u l tu r e  m e d iu m

p g e 2

E x p t  1

(p g /m l /1 0 4 c e l l s )

E x p t  2

C o n t r o l 52 13
I L -1  (1 0 0  p g /m l) 2 6 0 0 OOO
I L - 2  (U /m l)

1 105 0
10 7 2 3 2

100 7 0 5 3
1 ,000 8 6 5 0

1 0 ,0 0 0 53 6 8
E x c ip i e n t N D 0

H u m a n  P B M C

P G E 2 (p g /m l )

C u l t u r e  m e d iu m E x p t  1 E x p t  2

C o n t r o l 0

Staphylococcus albus 140 5 2 0
I L - 2  (U /m l)

1 0 0
10 0 0

100 0 0

1 ,00 0 3 9 0 0

1 0 ,0 0 0 6 8 0 3 6 0

ta n t  w as le ss  th a n  5000 U , w ell b e lo w  th e  a m o u n t  o f  

IL -2  req u ired  to  p r o d u c e  f e v e r  w h e n  in je c te d  a l o n e  

(21).

T h e  p y ro g e n ic  c u ltu re  s u p e r n a ta n ts  w e re  a l s o  

a ss a y e d  fo r  IL -1  a ,  IL -1 (3, a n d  T N F a  usin g  R I A s  

sp ec ific  fo r e a c h  c y to k in e . A s d e p ic t e d  in T a b le  I I ,  

th e  u n s tim u la te d  P B M C  from  th r e e  h u m a n  d o n o r s  

p ro d u c e d  low  o r  u n d e te c ta b le  le v e ls  o f  th e  t h r e e  

c y to k in e s , b u t a f t e r  e x p o s u re  to  1000 U /m l o f  r I L - 2 ,  

th e  P B M C  s e c r e te d  la rge  q u a n t i t ie s  o f  T N  F a  a n d  

I L - l p .  IL -2 - in d u c e d  s e c re tio n  o f  IL -lo t  w as c o n s i s ­

te n tly  less  th a n  th a t  o f  IL-1 (3 a n d  T N F a .  T h e s e  

in c re a s e s  w e re  c o m p a r a b le  to  th o s e  in d u c ed  b y  10 

ng /m l o f  b a c te r ia l  e n d o to x in . T h e s e  c y to k in e s  i n ­

d u c e d  by  r IL -2  m a y  ex p la in  th e  e le v a te d  P G H 2 

le v e ls  in th e  c u l tu r e  s u p e rn a ta n ts  o f  P B M C  s t im u ­

la te d  w ith  h igh  c o n c e n t ra tio n s  o f  r IL -2  (T ab le  I) .

IL-2'Induced Circulating Pyrogens in Humans

B e c a u se  o f  th e  re la tiv e  in s e n s it iv ity  o f  th e  r a b b i t  

p y ro g e n  a s s a y , R I A s  specific  f o r  v a r io u s  h u m a n  

c y to k in e s  w e re  e m p lo y e d  in  a n  e ffo r t to  d e t e c t  

p y ro g e n ic  s u b s ta n c e s  in  th e  p la s m a  o f  c a n c e r  p a ­

t i e n ts  p a r tic ip a tin g  in  on g o in g  IL -2  c lin ica l t r i a l s .  

P la s m a  sam p les  o b ta in e d  b e fo re  a n d  2 , 4, a n d  8 h r
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N o  I L - 2  I L - 2  

F ig .  3 . P y r o g e n ic i ty  o f  P B M C  c u l t u r e  s u p e r n a ta n t s .  T e n  m ill il i ­

t e r s  o f  c u l tu r e  s u p e r n a t a n t  f r o m  u n s t im u la t e d  P B M C  o r  f ro m  

c e ll s  in c u b a te d  a t  3 x  106 c e lls /m l in  m e d iu m  c o n ta in in g  500 0 /  

m l r l L - 2  w a s  in j e c t e d  in t o  r a b b i t s .  A n im a l s  t r e a t e d  w ith  th e  

s u p e r n a ta n t  f r o m  r l L - 2 - a c t iv a t e d  P B M C  d e v e lo p e d  a  p r o m p t 

f e b r i le  r e s p o n s e ,  w h e r e a s  th o s e  t r e a t e d  w i th  th e  c o n d it io n e d  

m e d iu m  f r o m  t h e  u n s t im u la t e d  c e ll s  r e m a in e d  a fe b r il e  A T  w a s  

r e c o r d e d  a t  1 h r  p o s t i n j e c t i o n .

a f te r  an  in je c tio n  o f  100,000 U /kg r I L -2 w e re  a s ­

s a y e d  fo r  I L - l a  a n d  IL -1 0  a n d  T N F a  usin g  th e  

R IA s  d e sc r ib e d  u n d e r  M a te ria ls  and  M eth o d s . 

P la sm a  c o n c e n tr a t io n s  o f  T N F a  ro se  from  p re tre a t ­

m e n t levels  o f  14 ±  7 to  765 ±  150 pg/m l w ith in  2 h r  

a f te r  an  IL -2  in je c tio n  and  s u b se q u e n tly  declined

T a b le  I I .  I L - 2 - I n d u c e d  S e c r e t io n  o f  I L - I  a n d  T N F  b y  P B M C *

C y to k in e  c o n c e n t r a t i o n  (n g /m l)

M e d i u m

c o n t r o l 21

IL - 2  

(1 0 0 0  U /m l*

E n d o to x in  

(1 0  ng /m l)

E x p t  1 

] L - l a < 0 .1 0 .7 1.2

I L - l p 0 .8 6 .1 12.0

T N F a 0 .4 6 .6 3.1

E x p t  2 

I L - l a < 0 .1 3 .9 0 .8

I L - t p < 0 .1 6 .8 5 .2

T N F a < 0 .1 4 .8 3 .6

E x p t  3 

I L - l a < 0 .1 5 .3 2 .7

I L - l p < 0 .1 1 6 .0 2 2 .0

" C e l l s  w e r e  c u l t u r e d  f o r  18 h r  a t  a  d e n s i ty  o f  5 x  106/m l. 

k p B M C  c u l t u r e s  w ith  m e d i u m  a lo n e  o r  w ith  I L - 2 - s u p p Ie m e n te d  

m e d iu m  c o n t a i n e d  5 p o ly m y x in  B .

to w ard  baseline in  e ac h  o f  th e  p a tie n ts  stud ied  (F ig ; 

4), T h is  tim e co u rse  is s im ilar to  th a t o f  th e  feb rile  

re s p o n se  to  IL -2 re p o rte d  in  ea rlie r P h ase  I studies* 

in w hich  an tip y re tic s  w ere  no t ro u tin e ly  a d m in is ­

te red  ( 1, 2). In so m e  p a tien ts , add itiona l p la sm a  

sam ples  w ere  o b ta in ed  a t 2 4 ,4 8 , an d  72 h r a fte r  th e  

first IL -2  in jec tion , an d  in none  o f  th e se  sam ples  d id  

th e  T N F a  levels re v e r t  to  b ase lin e , ind icating  th a t  

T N F  w as p resen t in  th e  c ircu la tio n  th ro u g h o u t th e  

en tire  3 days o f IL -2  tre a tm e n t. In  c o n tra s t , p la sm a  

levels o f  I L - la  rem a in ed  below  th e  lim its o f  d e te c ­

tion  o f  the  R IA  (d a ta  n o t show n).

A s show n  in F ig . 5 , IL -1 0  (> 1 0 0  pg/m l) w a s  

d e tec te d  in the p re tre a tm e n t p la sm a  o f  all s tu d y  

p a rtic ip an ts . H o w e v e r, in  c o n tra s t  to  th e  T N F a  

levels, the  p lasm a c o n ce n tra tio n  o f  IL-1 (3 c h an g ed  

only  m inim ally  d u rin g  th e  8-h r sam p ling  p e rio d . T h e  

high p re tre a tm en t p la sm a  levels  o f  IL-1 (3 and  th e  

fa ilu re  o f IL -2  in je c tio n s  to  in c re as e  th e  p la sm a  

IL -lf l  levels  to  th e  sam e  e x ten t a s  th e  T N F a  le v e ls  

a lso  c o n tra s t w ith  th e  in vitro d a ta , w hich  fa iled  to  

d e m o n stra te  IL-1 p ro d u c tio n  b y  u n s tim u la te d  

PB M C  and w hich  sh o w ed  c o m p arab le  am o u n ts  o f  

IL -1 0  and  T N F a  in  P B M C  c u ltu re  s u p e rn a ta n ts  

a f te r  24 h r  o f  e x p o su re  to  IL -2 .

T o  verify  th a t th e  im m u n o reac tiv e  m ateria l d e ­

te c ted  in th e  p la sm a  w ith  th e  I L - ip  R IA  w a s  

biologically  ac tiv e , a  h ighly  s en s itiv e  b io assay  fo r  

IL-1 using  a  su b c lo n e  o f  th e  m urine  D 10.G 4.1  

h e lp e r T -cell line  w a s  e m p lo y ed  (20). T h is a s s a y  

d e tec ts  c o n ce n tra tio n s  o f 'IL -1  100-fold low er th a n  

th e  th re sh o ld  fo r th e  R IA . A lth o u g h  highly s en s itiv e  

to  IL -1 , th e se  ce lls  a lso  re sp o n d  to  IL -2 , IL -4 , an d  

p o ssib ly  o th e r  c y to k in e s  (22). H igh  m o le c u la r  

w eig h t inh ib ito rs  o f  IL -1 -in d u ced  T-cell p ro life ra ­

tion  (19, 23) w e re  first rem o v ed  from  th e  p la sm a  

sam ples  by gel f iltra tio n . B io assay s  o f  gel f iltra tion  

frac tio n s  from  p la sm a  o b ta in e d  fro m  th e se  p a tie n ts  

a t v a rio u s  in te rv a ls  a fte r  an  in jec tio n  o f  rIL -2  r e ­

v ea led  a  p eak  o f  a c tiv ity  in  frac tio n s  co rre sp o n d in g  

to  a  m o lecu lar w e ig h t range  o f  15-25 kD  (F ig . 6 ). 

B ecau se  o f  th e  sen s it iv ity  o f  th e  D10.G41 ce lls  to  

IL -2 , th e  ac tiv e  gel filtra tion  f rac tio n s  (num bers  1 6 -  

1 9 )  w ere  po o led  an d  th en  p a ss e d  o v e r an  IL -2  

affinity co lum n, w h ich  re d u c ed  th e  IL -2  c o n c e n tra ­

tion  to  u n d e te c ta b le  lev e ls  in th e  IL -2 E L IS A . T h e  

I L - 2 - d e p l e t e d  m ate ria l w as in cu b a ted  w ith  n o rm a l 

ra b b it seru m  o r  a  n eu tra liz in g  an ti-IL -1  ra b b it a n ti ­

se ru m  and  th en  a ss a y e d  fo r p ro life ra tiv e  ac tiv ity  

w ith  th e  D 10.G 4.1 ce lls . D e sp ite  th e  m ark ed  d iffe r ­

e n c e  be tw een  th e  gel filtra tio n  profile  o f  th e  p re -

Journai o f Clinical Immunology, Vol. 8, No. 6, ¡988
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Fig. 4. P la s m a  tu m o r  n e c r o s i s  f a c to r  ( T N F )  le v e l s  a f t e r  a n  in je c ti o n  o f  r I L - 2 . S e r i a l  p la s m a  s a m p le s  w e r e  o b ta i n e d  

b e f o r e  a n d  2 , 4 ,  a n d  8  h r  a f t e r  a n  in j e c t io n  o f  1 0 0 ,00 0  U /k g  r I L - 2  f r o m  s ix  c o n s e c u t iv e l y  t r e a t e d  p a t i e n t s ,  a n d  T N F  

l e v e l s  in  th e  p la s m a  d e t e r m i n e d  b y  R I A .  i n  e a c h  p a t i e n t ,  th e  IL -2  in je c ti o n  g a v e  r i s e  t o  a  p r o m p t  in c r e a s e  in  th e  

p la s m a  c o n c e n t r a t i o n  o f  T N F .

t r e a tm e n t  p la s m a  an d  th o s e  o b ta in ed  a f te r  an  IL -2  

in je c tio n  (F ig . 6) , th e  p ro life ra tiv e  a c tiv it ie s  o f  th e  

a ff in ity  g e l flo w -th ro u g h  fra c tio n s  w e re  re la tiv e ly  

c o n s ta n t  th ro u g h o u t th e  8 h r  o f  p la sm a  sam p lin g  

(F ig . 7 ). N e a r ly  all o f  th e  b io lo g ica l a c tiv ity  o f  th e  

p o o le d  g e l f il tra tio n  f ra c tio n s  d e r iv e d  f ro m  th e  2-, 

4 -, a n d  8 -h r p la sm a  s am p les  w as  e lim in a te d  b y  th e  

a ff in ity  g e l, in d ica tin g  th a t  m o s t o f  th e  a c tiv ity  o f 

th e s e  f r a c t io n s  in  th e  b io a ss a y  w a s  d u e  to  re s id u a l 

IL -2  a n d  n o t to  IL-1 in d u c ed  b y  th e  tre a tm e n t.  

P r e t r e a tm e n t  sam p les  w e re  a c tiv e  in  th e  b io a ss a y  

a n d  th e i r  p ro life ra tiv e  a c tiv ity  w a s  p a rt ia lly  n e u tra l ­

iz ed  b y  a n  I L -1 a n tib o d y  (F ig . 7). T h e s e  re su lts  

in d ic a te  th a t  sm all a m o u n ts  o f  IL -1 m a y  b e  p ro ­

d u c e d  c o n s ti tu tiv e ly , in d e p e n d e n t o f  a  sp ec ific  in ­

d u c e r  s u c h  a s  IL -2 .

T h e  a ffin ity  gel f lo w -th ro u g h  fra c tio n s  a s s a y e d  in  

F ig . 7 c o n ta in e d  T N F  b y  R IA  an d  w e re  f re e  o f  

e x o g e n o u s  IL -2  an d  h igh  m o le c u la r  w e ig h t in h ib i ­

to rs  o f  ly m p h o c y te  p ro life ra tio n . T h e  fa ilu re  o f  th e  

b io a s s a y  to  d e m o n s tra te  a n  in c re a s e  in  th e  IL -1  

c o n c e n t r a t io n  o f  th e  f ra c tio n s  g e n e ra te d  f ro m  

p o s tin je c tio n  p la sm a  th a t  is c o m p a rab le  w ith  th e

in c re a s e  in p la sm a  T N F  le v e ls  c o r r o b o ra te s  th e  

R IA  d a ta . In  c o n t ra s t  to  T N F ,  w h ic h  is re le a s e d  

p ro m p tly  in to  th e  c irc u la tio n  a f te r  a n  IL -2  in je c tio n , 

IL-1 lev e ls  m ay  n o t a p p re c ia b ly  in c re a s e  o r  d o  so  

on ly  sev e ra l h o u rs  a f te r  an  IL -2  in je c tio n .

D I S C U S S I O N

D e sp ite  th e  e fficacy  o f  IL -2  a s  a n  a n tin e o p la s tic  

ag en t, th e  in itia l e n th u s ia s m  fo r  its  w id e s p re a d  use  

in c a n c e r  p a tie n ts  h a s  s o m e w h a t a b a te d  as a  c o n s e ­

q u e n c e  o f  its  s e v e re  to x ic ity . A lth o u g h  low  d o s e s  o f 

IL -2  a re  g en e ra lly  w ell to le ra te d ,  h igh  d o s e s  a re  

a ss o c ia te d  w ith  a  m u ltitu d e  o f  s id e  e ffe c ts  in c lu d in g  

ch ills , fe v e r, a n d  co n fu s io n  a s  w ell a s  p o te n tia lly  

le th a l effects  s u c h  a s  h y p o te n s io n , m y o c a rd ia l  in ­

fa rc tio n , ren a l an d  h e p a tic  fa i lu re , a n d  flu id  re te n ­

tio n  re su ltin g  in  m a ss iv e  w e ig h t ga in  a n d  p u lm o n a ry  

e d em a  (1-5). P a tie n ts  tre a te d  w ith  h ig h  d o s e s  o f  

IL -2  a ls o  d e v e lo p  in c re as e d  s e ru m  le v e ls  o f  h e p a tic  

a c u te -p h a se  re a c ta n ts  a n d  h y p o th a la m ic -p itu ita ry  

h o rm o n e s  o th e rw is e  a s s o c ia te d  w ith  th e  m e ta b o lic  

re sp o n se  to  in fe c tio n  a n d  in flam m a tio n  (2,6).
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Time (hr)

Patient

F ig .  5 .  P l a s m a  I L - i p  l e v e l s  a f t e r  a n  in j e c t io n  o f  r I L - 2 ,  A s  in  F ig . 4 , th e  s e r ia l  p l a s m a  s a m p le s  w e r e  o b ta in e d  a t  v a r io u s  

i n t e r v a l s  a f t e r  a n  in je c ti o n  o f  1 0 0 ,0 0 0  U /k g  r I L - 2 .  T h e  I L - l p  l e v e l s  w e r e  d e t e r m i n e d  b y  R IA .  P r e t r e a t m e n t  le v e l s  o f  I L - 1 0  

w e r e  m u c h  h ig h e r  th a n  t h o s e  o f  T N F a .  H o w e v e r ,  th e  p la s m a  c o n c e n t r a t i o n s  o f  I L - 1 0  w e r e  m u c h  le s s  a f f e c te d  th a n  th e  T N F  

le v e l s  b y  th e  a d m i n i s t r a t io n  o f  r I L - 2 .

T h e s e  to x ic  e ffec ts  o f  r IL -2  co u ld  b e  a ttr ib u te d  to  

re s id u a l e n d o to x in , a l th o u g h  o n ly  e x tre m e ly  low  

lev e ls  ( < 0 .01  ng /m g p ro te in )  h a v e  b e e n  d e tec te d  

w ith  th e  L im u lu s  a ss a y . S e v e ra l in v e stig a to rs  h a v e  

re p o r te d  th a t  e n d o to x in  a t  c o n c e n tra tio n s  b e lo w  th e  

th re s h o ld  o f  th e  L im u lu s  a ss a y  is c a p a b le  o f  a c t i ­

v a t in g  m o n o c y te s  to  p ro d u c e  th e  p y ro g en  in te r le u ­

kin-1 (24, 25). T h e re fo re , to  d e te rm in e  i f  re s id u a l 

e n d o to x in  in  th e  IL -2  p re p a ra tio n s  m ig h t b e  re sp o n ­

s ib le  fo r  IL -2 -a ss o c ia te d  fe v e r , IL -2  w as  p re in c u ­

b a te d  w ith  p o ly m y x in  B p rio r  to  in jec tio n . T h e  

in ab ility  o f  p o ly m y x in  B to  re d u c e  th e  p y ro g e n ic ity  

o f  IL -2  in  N e w  Z e a lan d  ra b b its  s u g g e s ts  th a t th e  

fe v e r  a s s o c ia te d  w ith  IL -2  is d u e  to  th e  ly m p h o k in e  

i ts e lf  o r  to  IL -2 -in d u c e d  p y ro g e n s  r a th e r  th an  c o n ­

ta m in a tin g  e n d o to x in s .

T h e  f e v e r  a s s o c ia te d  w ith  IL -2  is c lea rly  d o s e  

d e p e n d e n t. In  a  re c e n tly  c o m p le ted  d o s e  e sc a la tio n  

P h a s e  I c lin ic a l tr ia l  in c a n c e r  p a tie n ts , fe v e r  w as 

n o t o b s e rv e d  a f te r a  s in g le  bo lu s  in je c tio n  o f  IL -2  

u n til d o s e s  in  e x c e ss  o f  250,000 U /M 2 (a p p ro x i ­

m a te ly  6500  U /kg ) w e re  re a c h e d  (2). In  N e w  Z e a ­

la n d  ra b b it s ,  n e ith e r  a  b o lu s  in je c tio n  o f  10,000 U /kg

(21) n o r a  c o n tin u o u s  in fu sio n  o f  10,000 U /kg /h r 

in d u c ed  fe v e r , w h e rea s  100,000 U /kg /hr w a s  pyro- 

g en ic . A n  in je c tio n  o f  400,000 U  (120 |xg)/kg g en er ­

ally  in d u c es  a  te m p e ra tu re  in c re as e  o f  less  th a n  1°C, 

a n  in c re m e n t re a d ily  a ch ie v e d  w ith  on ly  100 ng/kg 

o f  IL-1 (26), in d ica tin g  th a t  IL -2  is less th a n  1/1000 

a s  p o te n t a  p y ro g e n  as IL -1 .

W e p re v io u s ly  d e m o n stra te d  th a t rIL -2  d o e s  n o t 

in d u ce  P G E 2 s y n th e s is  in  cu ltu red  rab b it h y p o th a l ­

a m u s  ce lls  (21). T h e s e  findings w ere  fe lt  to  in d ica te  

th a t  IL -2  w a s  n o t a n  in tr in s ic  p y ro g en  c ap a b le  o f  

in te ra c tin g  d ire c tly  w ith  th e  h y p o th a lam u s, a s  is th e  

c a s e  w ith  IL -1 , I F N a ,  an d  T N F  (9, 15, 27). A l ­

th o u g h  h u m a n  r IL -2  w ill s u p p o rt  th e  g ro w th  o f 

a c tiv a te d  T  c e lls  f ro m  v irtu a lly  all sp e c ie s , it is 

c o n c e iv a b le  th a t  i ts  e ffec ts  o n  a rach id o n ic  acid  

m e ta b o lism  m ig h t b e  s p e c i e s  specific. T h e re fo re , 

o u r  p re v io u s  e x p e r im e n ts  w e re  re p e a te d  em p loy ing  

h u m a n  f ib ro b la s ts . T h e se  s tu d ie s  sh o w ed  th a t  IL - 

tr e a te d , b u t n o t IL -2 - tre a te d , fib rob lasts  sy n th e ­

s ized  P G E 2 (T ab le  I). S t u d i e s  w ith  h u m an  PB M C  

y ie ld ed  s im ila r re su lts  e x c e p t  w h en  high c o n c e n  ra ­

t io n s  o f  IL -2  w e re  e m p l o y e d .  P B M C  s tim u la ted
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Fraction Number

F ig .  6 . P r o l i f e r a t i v e  r e s p o n s e  o f  D IO  c e l l s  t o  c y to k i n e s  in  th e  

p l a s m a  o f  p a t i e n t s  t r e a t e d  w ith  r I L - 2 .  P l a s m a  s a m p le s  o b ta in e d  

b e f o r e  ( • )  a n d  2  h r  ( O ) ,  4  h r  ( □ ) ,  a n d  8  h r  ( ■ )  a f t e r  a n  in je c ti o n  

o f  1 0 0 ,0 0 0  U /k g  r I L - 2  w e r e  f r a c t i o n a te d  o n  a  S e p h a d e x  G 5 0  

c o lu m n  a n d  th e  g e l  f i l t r a t i o n  f r a c t i o n s  a s s a y e d  in  a  3H - th y m id in e  

in c o r p o r a t io n  a s s a y  w i th  m u r in e  D 1 0  ly m p h o b la s t s  a s  in d ic a to r  

c e l l s .  A  15- to  2 5 - k i lo d a I to n  p e a k  o f  p r o l i f e r a t i v e  a c t iv i ty  w a s  

e v i d e n t  i n  a l l  o f  t h e  p o s t in j e c t i o n  p l a s m a  s a m p le s .  T h e  e lu t io n  

p o in t s  a n d  m o l e c u l a r  w e ig h ts  ( k i lo d a l to n s )  o f  t h e  v a r i o u s  s t a n ­

d a r d s  a r e  in d i c a t e d  b y  a r r o w s .

w ith  e ith e r  o p s o n iz e d  Staphylococcus albus o r  1000 

U /m l I L -2 s y n th e s iz e d  P G E 2; h o w e v e r , th e s e  su - 

p e rn a ta n ts  w e re  p y ro g en ic  in  ra b b its  and  c o n ta in e d  

b o th  T N F a  a n d  IL -1 , b o th  o f  w h ich  a re  p o te n t 

in d u c e rs  o f  P G E 2 s y n th e s is  (9), su g g es tin g  th a t  th e  

e ffe c t  o f  IL -2  o n  P G E 2 s y n th e s is  b y  P B M C  m ay  

h a v e  b e e n  m e d ia te d  b y  T N F  a n d  IL -1 g e n e ra te d  in  

re s p o n s e  to  IL -2 .

C o m p a re d  w ith  th e  fe v e r a s s o c ia te d  w ith  I L - 1, 

T N F , o r  I F N a ,  th a t  in d u c ed  b y  IL -2  is  u n iq u e ly  

d e la y e d  in  o n s e t ,  b e g in n in g  a p p ro x im a te ly  1 h r  a f te r  

a  b o lu s  in je c tio n  in  ra b b its  a n d  re a c h in g  p e a k  e le ­

v a tio n  3 0 -4 0  m in  la te r . F e v e r  is e v id e n t w ith in  10 

m in  a n d  re a c h e s  m ax im al lev e ls  45 m in  a f te r  a n  

in je c tio n  o f  IL -1  o r  T N F  (9, 26). T h e  d e la y e d  o n se t  

o f  lL -2 - in d u c e d  fe v e r  an d  th e  in ab ility  o f  IL -2  

d ire c tly  to  in d u c e  P G E 2 s y n th es is  a rg u e  a g a in s t its  

b e in g  a n  e n d o g e n o u s  p y ro g e n ; o n  th e  o th e r  h an d , 

th e  d a ta  s u g g e s t th a t  IL -2-a ss o c ia te d  fe v e r m ay  b e  

m e d ia te d  th ro u g h  th e  in d u c tio n  o f b o n a  fide p y ro ­

g e n ic  c y to k in e s .

S e v e ra l  e x p e r im e n ts  w e re  c a r rie d  o u t to  d e te r ­

m in e  if  p y ro g e n ic  s u b s ta n c e s  co u ld  b e  d e te c te d  in  

th e  p la sm a  a f te r  an  IL -2  in jec tio n . T h e  tra n s fe r  o f  

p la sm a  fro m  fe b r ile  e n d o to x in -tre a te d  ra b b its  is

r
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F ig .  7 . P r o l i f e r a t iv e  r e s p o n s e  o f  D 1 0  ly m p h o b la s t s  t o  IL -2 -  

d e p le t e d  g e l  f i l t ra t io n  f r a c t i o n s  f r o m  t h e  s e r ia l  p l a s m a  s a m p l e s  o f  

tw o  IL -2  r e c i p i e n t s .  P o o le d  b io lo g ic a l ly  a c t i v e  f r a c t i o n s  f r o m  th e  

S e p h a d e x  G 5 0  c o lu m n  w e r e  d e p le t e d  o f  I L - 2  b y  p a s s a g e  o v e r  a n  

a f f in i ty  c o lu m n  o f  S e p h a r o s e - im m o b i l i z e d  Ig G  f r o m  a  r a b b i t  

h y p e r im m u n e  t o  r I L - 2 .  T h e  f r a c t i o n s  w e r e  i n c u b a t e d  o v e r n i g h t  

in  1%  n o r m a l  r a b b i t  s e r u m  (A )  o r  IL -1  a n t i s e r u m  (B )  a n d  a s s a y e d  

f o r  p r o l i f e r a t iv e  a c t i v i t y  in  t h e  D 1 0 .G 4 .1  b io a s s a y .  B a c k g r o u n d  

3H - th y m id in e  in c o r p o r a t io n  in  u n s t im u la t e d  c e l l s  is  i n d i c a t e d  b y  

t h e  h o r i z o n ta l  l in e .  T h e  p a r t i a l  n e u t r a l i z a t i o n  o f  t h e  a c t i v i t y  o f  

t h e  lL - 2 - d e p le t e d  f r a c t i o n s  b y  a n  a n t i - I L - 1  a n t i b o d y  i n d i c a t e s  

t h a t  a t  l e a s t  a  p o r t io n  o f  th e  r e m a in in g  a c t i v i t y  w a s  d u e  t o  I L - 1 . 

H o w e v e r ,  n o  c o n s i s t e n t  in c r e a s e  in  p r o l i f e r a t i v e  a c t i v i t y  o r  in  t h e  

e x t e n t  to  w h ic h  th e  a c t iv i ty  w a s  n e u t r a l i z e d  b y  th e  IL -1  a n t i b o d y  

w a s  o b s e r v e d  in  I L - 2 - d e p le t e d  f r a c t i o n s  d e r i v e d  f r o m  p la s m a  

s e r ia l l y  o b ta i n e d  a f t e r  a n  I L - 2  in j e c t io n .

k n o w n  to  c a u s e  fe v e r  in  th e  re c ip ie n t a n im a ls . O u r  

tr a n s f e r  e x p e r im e n ts  w ith  IL -2 - tre a te d  a n im a ls  

se rv in g  a s  th e  p la sm a  d o n o rs  fa iled  to  d e m o n s t ra te  

c irc u la tin g  p y ro g e n ic  m a te ria l , p re s u m a b ly  b e c a u s e  

o f  th e  lo w  s en s itiv ity  o f  th e  ra b b it  p y ro g e n  a s s a y .  

F o r  th e se  re a s o n s , w e  e m p lo y e d  h ig h ly  s e n s it iv e  

R IA s  to  s tu d y  IL -2 -in d u c e d  p y ro g e n s . A s s h o w n  in  

T a b le  II ,  b o th  IL -1  an d  T N F  (8 , 28) a re  g e n e r a te d  

by  P B M C  in re sp o n s e  to  I L -2  in  th e  a b s e n c e  o f  

e n d o to x in  an d  co u ld  th e re fo re  p la y  a  c a u s a tiv e  ro le  

in  IL -2 -in d u ced  fe v e r . B e c a u s e  th e  a n tib o d ie s  t o  

IL -1  an d  T N F  u tiliz e d  in  th e  re s p e c t iv e  R IA s  w e re  

ra is e d  in ra b b its  b y  im m u n iz a tio n  w ith  re c o m b in a n t 

h u m a n  c y to k in e s , w e  w e re  u n a b le  to  e m p lo y  th e s e  

R IA s  to  d e te c t  c irc u la tin g  p y r o g e n s  in  ra b b its  w ith  

f e v e r  d u e  to  IL -2 . H o w e v e r , in  h u m a n  s u b je c ts ,  w e
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c le a rly  d e te c te d  c irc u la tin g  im m u n o rea c tiv e  T N F  

fo llo w in g  IL -2  a d m in is tra tio n ; fu r th e rm o re , th e  k i ­

n e tic s  o f  th e  T N F  re le a s e  in to  th e  c irc u la tio n  w ere  

c o n s is te n t  w ith  o n s e t  o f  fe v e r  in  IL -2 -trea te d  h u ­

m a n s  n o t re c e iv in g  a n tip y re tic s . C o n v erse ly , the 

R IA s  fo r  I L - l a  an d  IL -1 3  fa iled  to  d em o n s tra te  a 

c o m p a ra b le  in c re a s e  in  th e  p la sm a  level o f  e ith e r  

c y to k in e , d e s p ite  th e ir  re a d ily  d e m o n s trab le  induc- 

ib ility  in vitro.

C an n o n  et al. re p o r te d  th a t  th e  low  m o lecu la r 

w e ig h t f ra c tio n s  o f  ge l-filte red  p la sm a  fro m  hea lth y  

h u m a n  d o n o rs  w e re  a c tiv e  in  th y m o c y te  p ro life ra ­

t io n  a ss a y s  a n d  th a t  th e  b io log ica l a c tiv ity  o f  th e se  

fra c tio n s  w a s  in h ib ite d  b y  an ti-IL -1  a n tib o d ie s , re ­

s u lts  s u g g es tin g  th a t  IL -1 is p ro d u c ed  c o n sti tu tiv e ly  

in vivo (29). T h e  c o n s ti tu tiv e  e x p re ss io n  o f  IL-1 

g e n e s  h a s  a lso  b e e n  d em o n s tra ted  by  N o r th e rn  

a n a ly s is  o f  R N A  e x tra c te d  fro m  ly m p h o id  tissu e  

f ro m  p a th o g e n -fre e  m ice  (30). A lth o u g h  o u r  in v es ­

tig a tio n  d id  n o t sp ec ifica lly  co m p are  p la s m a  IL-1 

le v e ls  o f  h e a lth y  d o n o rs  w ith  th o se  o f  c a n c e r  p a ­

t ie n ts , b o th  th e  R IA  and  th e  b io a ssay  re s u lts  ind i ­

c a te  th a t a t  le a s t  a  m o d e s t  am o u n t o f  I L - lp  is 

p ro d u c e d  c o n s ti tu tiv e ly  in  p a tie n ts  w ith  d issem i ­

n a ted  m a lig n a n cy .

A s  sh o w n  in  F ig . 5 , w e  w e re  ab le  to  d o cu m en t 

o n ly  a  m o d e s t  in c re a s e  in  im m u n o rea c tiv e  IL -1 3 

lev e ls  in  th e  p la sm a  a fte r a  IL -2  in jec tion . L ik ew ise , 

as s h o w n  in  F ig . 7, we w e re  u n ab le  to  sh o w  th a t 

IL -2  tr e a tm e n t a lte re d  th e  p ro life ra tiv e  a c tiv ity  o f  

f ra c tio n a ted  p la sm a  th a t c o u ld  b e  a ttr ib u te d  to  IL -I  

to  th e  sam e  d e g re e  th a t  it in c re as e d  th e  T N F  levels. 

G iv e n  th e  lo w  le v e ls  o f  p ro life ra tiv e  a c tiv ity  o n  the  

h ig h ly  IL -1 -s en s itiv e  D IO .(34.1 ce lls , w e  co n c lu d e  

th a t  IL-1 m a y  n o t b e  o n e  o f  th e  c y to k in e s  rap id ly  

re le a s e d  in to  th e  c irc u la tio n  fo llow ing  h igh-dose  

IL -2  th e ra p y  in  c a n c e r  p a tie n ts . T h is  c o n c lu s io n  is 

s u p p o r te d  b y  th e  o b s e rv a tio n  th a t P B M C  stim u ­

la te d  w ith  IL -2  in vitro ra p id ly  re le a s e  T N F a  in to  

th e  c u ltu re  s u p e rn a ta n t, w h e rea s  th e  s e c re tio n  o f  

IL -1  is s c a rc e ly  d e te c ta b le  in th e  first few  h o u rs  

(31). B o th  I L - l a  a n d  IL -1 0  a re  in itia lly  p ro d u c e d  as 

35-kD  p re c u rs o rs , w h ich  a re  s u b s e q u e n tly  c leav ed  

to  g e n e ra te  th e  17-kD  sp ec ie s  fo u n d  in  c u ltu re  

s u p e rn a ta n ts . T h e  d e lay  a ss o c ia te d  w ith  th e  p ro c ­

e ss in g  o f IL -1  a s  w ell a s  th e  fac t th a t IL -I  (e sp e ­

c ia lly  I L - l a )  re m a in s , to  a  la rg e  e x ten t, ce ll a sso c i ­

a te d  re g a rd le ss  o f  th e  in d u c in g  a g e n t (31) m ay 

a c c o u n t  fo r  o u r  fa ilu re  to  d e te c t  IL -1 in  th e  p lasm a  

w ith in  a  fe w  h o u rs  o f  an  IL -2  in je c tio n , w h en

c ircu la ting  T N F a  is  read ily  d e m o n stra b le  an d  th e  

p a tie n t a lread y  feb rile  and  h y p o te n s iv e .

W e c o n c lu d e  fro m  th e se  s tu d ie s  th a t IL -2  d o es  

n o t d irec tly  stim u la te  th e  h y p o th a la m ic  fe v e r m e ch ­

an ism  b u t  ra th e r  in d u c es  c irc u la tin g  T N F  a n d  th a t 

th is  cy to k in e  m ay be  p rim arily  re sp o n sib le  fo r  th e  

in itia l feb rile  re sp o n se  to  IL -2  tre a tm e n t. T h e  d ra ­

m a tic  and  su d d en  in c re as e  in c irc u la tin g  T N F  levels: 

2 h r  fo llow ing an  IL -2  in jec tio n  is  tem p o ra lly  c o n ­

s is te n t w ith  th e  o n s e t  o f  fev e r a s  w ell as som e o f  th e  

o th e r  to x ic  m an ife s ta tio n s  o f  IL -2 . T h e  c o n tr ib u tio n  

o f  o th e r p y ro g e n ic  cy to k in es  s u c h  as T N F fJ (lym - 

p h o tox in ) to  th e  to x ic ity  o f  IL -2  tre a tm e n t is y e t  to  

b e  d e te rm in ed . T h e s e  s tu d ie s  a w a it  th e  av ailab ility  

o f  highly sen s itiv e  and  specific  a ss a y s .

In  add itio n  to  i ts  p o te n tia l ro le  as a  d ire c t m ed i ­

a to r  o f IL -2  to x ic ity , T N F  m a y  a lso  c o n tr ib u te  to  

th e  an tin eo p las tic  effects  o f  IL -2  tre a tm e n t. T N F  

in c rease s  th e  e x p re s s io n  o f IL -2  re c e p to rs  o n  large  

g ran u la r ly m p h o c y te s  and  e n h a n c e s  th e ir  tu m o ri- 

c ida l ac tiv ity  (32). T N F  a ffec ts  th e  in te ra c tio n  o f  

leu k o cy tes  w ith  en d o th e lia l c e lls  (33) an d  m ay 

th e re fo re  in flu en ce  th e  tra ffick in g  o f IL -2 -ac tiv a ted  

ly m p h o cy te s  in to  tu m o r n o d u le s . I t is th e re fo re  

u n c lea r to  w h a t e x te n t th e  a n t i tu m o r  e ffec ts  o f  IL -2  

c an  be d is so c ia te d  fro m  its  to x ic ity , m uch  o f  w hich  

m ay  be  m e d ia ted  by  in d u c ib le  p y rogens s u c h  as 

T N F .
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