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D iffe r en ce s  in  th e  sy n th e s is  an d  k in e t ic s  o f  r e le a se  o f  

in te r leu k in  l a ,  in te r leu k in  i p  a n d  tum o r  n e c r o s is  

fa c to r  fr om  h um an  m on on u c le a r  c e lls*

C ell-a sso c ia te d  a n d  s e c re te d  in te r le u k in  l a  ( IL  l a ) ,  IL  1(3 a n d  tu m o r  n e c ro s is  f a c to r  a  

( T N F - a ) ,  p ro d u c e d  by h u m a n  m o n o n u c le a r  cells (M N C )  in vitro in r e s p o n s e  to  

l ip o p o ly s a c c h a r id e ,  w e re  m e a s u re d  by ra d io im m u n o a s s a y .  A f t e r  18 h  o f  in c u b a t io n ,  

to ta l  p ro d u c t io n  o f  I L l a  in m e d iu m  c o n ta in in g  1%  h e a t - in a c t iv a te d  s e ru m  w as  tw o - 

to - th r e e  t im es  h ig h e r  th a n  IL  1(3. H o w e v e r ,  in th e  p re s e n c e  o f  1 %  s e ru m  a n d  5 %  fre sh  

p la s m a ,  I L l a  a n d  IL  1(3 w e re  p ro d u c e d  in s im ila r  a m o u n ts .  I n d e p e n d e n t  o f  th e  cu l 

t u r e  c o n d i t io n s ,  9 0 %  o f  th e  IL  l a  r e m a in e d  cell a s so c ia te d  w h e re a s  8 0 %  o f  IL  1(3 w as  

e x tra c e l lu la r .  T h e  k in e tic s  o f  p ro d u c t io n  a n d  re le a s e  o f  I L  l a ,  (3 a n d  T N F - a  w e re  a lso  

s tu d ie d .  I L l a  a n d  T N F - a  r e a c h e d  m a x im a l  levels  w ith in  6 h  o f  s t im u la t io n ,  w h e re a s  

IL  1(3 re a c h e d  m ax im a l levels b e tw e e n  12 a n d  16 h. I L l a  r e m a in e d  p r im a r i ly  cell 

a s so c ia te d  (8 0 % )  fo r  th e  firs t 24 h. A f te r  48 h , e x t ra c e l lu la r  I L l a  e x c e e d e d  cell- 

a s so c ia te d  levels. IL1(3 w as p r im a r i ly  s e c re te d  ( 8 0 % ) ,  a p p e a r in g  in  th e  e x t ra c e l lu la r  

f lu id  w ith in  6 h . T N F - a  a p p e a r e d  in th e  e x t ra c e l lu la r  f lu id  w ith in  1 h o f  in c u b a t io n ,  

w ith  <  1 0 %  cell a sso c ia ted  a t any  t im e  d u r in g  th e  48 h o f  in c u b a t io n .  A l th o u g h  th e  

th r e e  c y to k in e s  sh a re  m a n y  b io log ica l ac tiv it ies , th is  s tu d y  p ro v id e s  e v id e n c e  th a t  

M N C  I L l a  is p r e d o m in a n t ly  a c e l l-a s so c ia ted  c y to k in e  ac t in g  o n  a  cell-cell bas is ,  

w h e re a s  IL  1(3 a n d  T N F - a  a re  s e c re te d  as p a ra c r in e  m e d ia to r s .

1 In tr o d u c t io n

C y to k in e s  su ch  as I L 1  a n d  T N F  a re  p ro d u c ts  o f  a c t iv a te d  

m o n o n u c le a r  cells (M N C )  a n d  im p o r t a n t  m e d ia to r s  in  in fec 

t io n ,  in f la m m a t io n  a n d  im m u n o lo g ic a l  c h a l le n g e  [1, 2]. T w o  

IL  1 p e p t id e s ,  IL  l a  [3] a n d  IL  1(3 [4], as w ell as T N F - a  [5] h av e  

b e e n  c lo n e d  a n d  s tu d ie s  u s in g  r e c o m b in a n t  m o le c u le s  h av e  

c o n f i rm e d  th e  b io lo g ica l  ac tiv it ie s  a t t r ib u te d  to  th e se  c y to k in es  

[1, 2 , 6]. A l th o u g h  I L l a ,  IL1(3 a n d  T N F - a  a re  d if fe re n t  p r o 

te in s  t r a n s c r ib e d  f ro m  d if fe re n t  g e n e s ,  th e y  sh a re  m a n y  

ac tiv ities  in c lu d in g  fe v e r  [6- 8], in d u c t io n  o f  liver a c u te -p h a s e  

p ro te in  sy n th es is  [9], h e m o d y n a m ic  sh o c k  [10], a n d  c a ta b o l ic  

e ffec ts  o n  b o n e  a n d  c o n n e c t iv e  t issu e  [11, 12]. F u r th e r  s tu d ie s  

in d ic a te  th a t  sy n e rg ism  c a n  b e  d e m o n s t r a t e d  b e tw e e n  T N F - a  

a n d  th e  tw o  fo rm s  o f  I L 1  [10, 13, 14], a n d  th a t  all th re e  

c y to k in e s  m a y  in d u c e  e a c h  o th e r  in vivo  as w ell as in vitro [8 , 

15, 16]. B e c a u s e  o f  th e s e  in te ra c t io n s ,  it is o f te n  d ifficu lt to  

d is c r im in a te  b e tw e e n  th e  e ffec t  o f  I L l a ,  IL  1(3 o r  T N F - a  in 

b io assay s .

In  th e  a b s e n c e  o f  e x o g e n o u s  s t im u la n ts ,  c y to k in e s  a re  n o t  

p r e s e n t  in  M N C .  A c t iv a t io n  o f  th e s e  cells le ad s  to  de novo  

sy n th es is  o f  m R N A  a n d  n e w  p r o te in  w h ich  is firs t d e te c ta b le  in 

th e  cy to so l  a n d  s u b s e q u e n t ly  s e c re te d  in to  th e  e x tra c e l lu la r  

sp a c e .  m R N A  levels  as m e a s u r e d  by N o r th e r n  b lo t  analysis  

r e v e a le d  th a t  IL1(3 is th e  p r e d o m in a n t  I L 1  fo rm  in h u m a n  

M N C  [17]. O n  th e  p r o te in  leve l,  in t ra c e l lu la r  p ro d u c t io n  as 

w ell as r e le a s e  o f  b io lo g ica lly  ac tive  I L 1  h a s  b e e n  d e m o n -

[I 7552]

* T h is  s tu d y  w a s  s u p p o r t e d  by  th e  N a t io n a l  In s t i tu te s  o f  H e a l t h ,  g ra n t  

A I  15614.

Correspondence: G e r h a r d  L o n n e m a n n ,  A b te i lu n g  N e p h r o lo g ie ,  

M e d iz in i s c h e  H o c h s c h u l e ,  K o n s ta n ty - G u t s c h o w - S t r .  8 , D -3000  H a n 

n o v e r  61, F R G

Abbrev ia tion : M N C :  M o n o n u c l e a r  cells

s t r a te d  f ro m  l ip o p o ly sa c c h a r id e  (L P S )-s t im u la te d  h u m a n  

M N C  using  th e  s ta n d a r d  ly m p h o c y te -a c t iv a t in g  fa c to r  assay  

[18]-

In v e s t ig a t io n s  u s in g  gel c h ro m a to g ra p h y  a n d  I E F  d e m o n 

s t r a te d  d if fe re n c e s  in size as w ell as in  p i  b e tw e e n  cell-associ- 

a te d  a n d  e x t ra c e l lu la r  IL  1 [19]. H o w e v e r ,  th e  re la t iv e  a m o u n t  

o f  I L l a  a n d  IL1(3 in  th e  tw o  c o m p a r tm e n ts ,  as d e te c te d  by 

specific  im m u n o re a c t iv i ty ,  o r  a c o m p a r is o n  w ith  T N F - a  has  

n o t  b e e n  d e te rm in e d .

In  th e  p r e s e n t  s tu d y ,  w e  u s e d  re c e n t ly  d e v e lo p e d  r a d io im 

m u n o a s s a y s  [20- 22] in o r d e r  to  q u a n t i fy  th e  d if fe ren ces  

b e tw e e n  c e l l-a s so c ia te d  a n d  e x tra c e l lu la r  I L l a  a n d  IL  1(3 p r o 

d u c t io n  f ro m  L P S -s t im u la te d  h u m a n  M N C  u n d e r  v a r io u s  te s t  

c o n d i t io n s .  F u r th e r m o r e ,  w e  c o m p a re d  th e  k in e tic s  o f  I L l a ,  

IL  1(3 a n d  T N F - a  p ro d u c t io n  a n d  d e te rm in e d  th e i r  s e c re t io n  

f ro m  L P S -s t im u la te d  M N C .

2 M a te r ia ls  a n d  m e th od s

2 .1  P r e p a r a t i o n  a n d  in c u b a t i o n  o f  h u m a n  M N C

H e p a r in iz e d  h u m a n  d o n o r  b lo o d  f ro m  h e a l th y  d o n o rs  (10 U / 

m l h e p a r in )  w as  d i lu te d  1 : 3  in 0 .15  M  sa line  a n d  M N C  w e re  

s e p a r a te d  o v e r  F ic o l l -H y p a q u e  (F ico ll  T re n n lo s u n g ,  B io c h ro m  

K G ,  B e r l in ,  F R G ) .  M N C  w e re  w a s h e d  th r e e  t im es  in  sa line  

a n d  s u s p e n d e d  in  u l t r a f i l te r e d  [23] E a g l e ’s M E M  c o n ta in in g

2 m M  L -g lu tam in e ,  100 U /m l pen ic il l in ,  100 [xg/ml s t r e p to m y 

c in , 10 m M  H e p e s  (all f ro m  W h i t t a k e r  M . A .  B io p ro d u c ts  

I n c . ,  W a lk e rsv i l le ,  M D )  a n d  2 %  h e a t - in a c t iv a te d  ( 5 6 °C fo r  

30 m in )  h u m a n  A B  s e ru m  f ro m  a single  A B  d o n o r .  F ive  

h u n d r e d  m ic ro l i te r  a l iq u o ts  o f  th is  M N C  su sp e n s io n  (5 x  106 
cells /m l) w e re  a d d e d  to  f la t -b o t to m  24-w ell m u l t i t i te r  p la te s  

(A /S  N u n c ,  R o s k i ld e ,  D e n m a r k ) .  E q u a l  v o lu m e s  o f  L P S  (E . 

coli B : 55, S ig m a , S t. L o u is ,  M O )  in  e i th e r  M E M  o r  M E M  

c o n ta in in g  10 %  fre sh  a u to lo g o u s  h u m a n  p la s m a  w e re  a d d e d .  

F o llo w in g  in c u b a t io n  a t  37 °C  in  a  h u m id if ie d  a tm o s p h e re  w ith
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5 %  C 0 2, 50 \i\ o f  p la s m a  w as  a d d e d  to  th e  p la sm a -f re e  in c u b a 

t io n s  in o r d e r  to  a d ju s t  th e  p la s m a  c o n te n t  in all s a m p le s  fo r  

th e  s u b s e q u e n t  c y to k in e  m e a s u re m e n ts .  F ifty  m ic ro li te rs  o f  

M E M  w as a d d e d  to  th e  p la sm a -c o n ta in in g  w ells in o r d e r  to  

c o m p e n s a te  th e  d i lu t io n  fa c to r .  M N C  SN  w e re  s e p a ra te d  an d  

c e n tr i fu g e d  fo r  1 m in  a t 13 000 x  g in 4 ° C  a n d  th e  SN  c o n ta in 

ing  th e  e x t ra c e l lu la r  I L 1  w e re  s to re d  a t  - 7 0 °C u n til  a ssay ed . 

M N C  p e lle ts  in th e  w ells  w e re  r e s u s p e n d e d  in M E M  c o n ta in 

ing  5 %  p la s m a  a n d  1 %  h e a t - in a c t iv a te d  A B  se ru m  (1 ml ea c h )  

a n d  e x p o s e d  to  th r e e  f r e e z e - th a w  cycles in o r d e r  to  lyse the  

cells a n d  o b ta in  th e  c e ll-a sso c ia ted  p o o l o f  c y to k in es .  T h e se  

sa m p le s  w e re  a lso  f ro z e n  a t  - 7 0  °C un til  assay . C o n tro l  e x p e r i 

m e n ts  in w h ich  k n o w n  a m o u n ts  o f  IL  l a  a n d  IL  1(3 w e re  a d d e d  

to  M N C  ly sa tes ,  th e n  f ro z e n  a n d  th a w e d  th re e  t im e s ,  in d ic a te d  

th a t  th is  p ro c e ss  d id  n o t  d e s t ro y  th e  im m u n o re a c t iv i ty  o f  th e  

c y to k in e s .

In  th e  first se t  o f  e x p e r im e n ts ,  M N C  in c u b a t io n s  w ith  v a r io u s  

L P S  c o n c e n t r a t io n s  w e re  p e r fo r m e d  fo r  18 h in th e  p re se n c e  

o r  a b se n c e  o f  p la sm a .  T h e  L P S  d o s e - re s p o n s e  cu rv e  as well as 

th e  in f lu e n c e  o f  a d d e d  p la sm a  w e re  s tu d ie d .  In  th e  se c o n d  set 

o f  e x p e r im e n ts ,  M N C  w e re  s t im u la te d  w ith  a single c o n c e n t r a 

t io n  o f  L P S  (500 ng /m l)  in th e  p re s e n c e  o f  1%  se ru m  a n d  5 %  

p la sm a  a n d  th e  t im e -c o u rse  o f  IL  1 a n d  T N F  p ro d u c t io n  a n d  

re le a se  w as d e te rm in e d .  In  o r d e r  to  s tu d y  w h e th e r  th e  k ine tics  

o f  c y to k in e  p ro d u c t io n  a n d /o r  re le a se  a re  in f lu e n c e d  by th e  

p re s e n c e  o f  L P S , w e c o m p a re d  th e  e ffec t o f  c o n s ta n t  L P S  

p re s e n c e  w ith  th a t  o f  a 2-h  e x p o s u re  to  L P S  s t im u la t io n  on  

M N C  I L 1  a n d  T N F - a  p ro d u c t io n .  F o r  th is  p u rp o s e ,  M N C  in 

M E M  c o n ta in in g  1 %  s e ru m ,  5 %  p la sm a  a n d  500 ng /m l L P S  

w e re  in c u b a te d  a t  3 7 °C in m u l t i t i te r  p la te s .  A f te r  2 h , L PS- 

c o n ta in in g  cell SN  w e re  r e m o v e d  f ro m  ev e ry  se c o n d  well an d  

a d h e r in g  cells w a sh e d  by a d d in g  a n d  re m o v in g  fresh  M E M  

c o n ta in in g  1 %  s e ru m  a n d  5 %  p la sm a  th re e  t im es . A f te r  th is , 

in c u b a t io n  in  f re sh  m e d iu m  w as  c o n t in u e d  fo r  v a r io u s  t im e  

p e r io d s .  In  p a ra l le l  M N C  c u l tu re s ,  500 ng/m l L P S  w as c o n 

s tan t ly  p r e s e n t  d u r in g  in c u b a t io n .

( A)

2 . 2  C y t o k in e  m e a s u r em e n t

E x tra c e l lu la r  a n d  ce l l-a sso c ia te d  levels o f  im m u n o re a c t iv e  

I L l a ,  IL  1(3 a n d  T N F - a  w e re  m e a s u re d  us ing  specific  R I A  

[2 0 -22 ] . A ll s a m p le s  w e re  d i lu te d  1 : 5  in B S A  b u ffe r  (0 .2 5 %  

B S A ,  S igm a) a n d  a ssa y e d  in d u p lica te s .
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Figure 1. D o s e  r e s p o n s e  o f  e n d o to x in - in d u c e d  I L l a  ( ■)  a n d  IL1(3 

( □ )  p r o d u c t io n  f r o m  M N C  d u r in g  18 h o f  in c u b a t io n  in t issue  cu l tu re  

m e d i u m  c o n ta in in g  1 %  s e r u m .  (A )  T o ta l  (cell a s so c ia te d  +  e x t r a c e l lu 

l a r ) ;  (B )  ce l l -a s so c ia ted  levels ,  a n d  (C )  e x t r a c e l lu la r  levels .  E a c h  b a r  

r e p r e s e n t s  th e  m e a n  o f  f o u r  e x p e r im e n t s  ±  S E M .

p a r tm e n t  w e d e te c te d  5 - 1 0  t im e s  m o re  I L l p  th a n  I L l a  

(F ig . 1C ). C o m p a r in g  th e  re su lts  o f  all th e se  s tu d ie s  it is c lea r  

th a t  a f te r  18 h o f  in c u b a t io n ,  8 0 %  o f  th e  to ta l  IL  1(3 p ro d u c t io n  

is s e c re te d  w h e re a s  9 0 %  o f  th e  IL  l a  r e m a in s  cell a sso c ia te d .

3 R esu lts

3 .1  D o s e  r e s p o n s e  o f  L P S - in d u c e d  M N C  IL  l a  a n d  IL  1(J 

p r o d u c t io n :  th e  i n f lu e n c e  o f  5%  p la sm a

T h e  to ta l  I L 1  p ro d u c t io n  (ce l l-a sso c ia ted  p lus  e x tra c e l lu la r )  

f ro m  L P S -s t im u la te d  M N C  in 1%  se ru m  is d e p ic te d  in 

F ig. 1A . In  r e s p o n s e  to  L P S  c o n c e n t ra t io n s  o f  0 .5 -5 0 0  ng /m l, 

IL  1 p ro d u c t io n  is d o se  d e p e n d e n t ,  a n d  M N C  p ro d u c e  tw o  to  

th re e  t im e s  m o re  I L l a  th a n  IL1(3 d u r in g  18 h o f  in c u b a t io n .  

B y  5 |ig /m l L P S ,  th e  m a x im u m  d o se  w e u se d ,  e q u a l  a m o u n ts  o f  

IL  l a  a n d  IL  1(3 w e re  in d u c e d ,  a l th o u g h  th e  to ta l  IL  1 p r o d u c 

t io n  w as d e c re a s e d  c o m p a r e d  to  th e  in c u b a t io n s  w ith  500 ng/ 

m l L P S . T h is  d e c re a s e  m a y  b e  d u e  to  cy c lo o x y g en ase  p ro d u c ts  

in d u c e d  by  h ig h -d o se  L P S  [24]. C e l l-a s so c ia te d  a n d  e x tra c e l lu 

la r  levels  o f  I L 1  a re  a lso  d e p ic te d .  I n d e p e n d e n t  o f  th e  L P S  

d o s e ,  th e  c e l l -a sso c ia te d  sa m p le s  c o n ta in e d  5 -1 0  t im es  m o re  

I L l a  th a n  IL  1(3 (F ig . I B ) ,  w h e re a s  in th e  e x tra c e l lu la r  com -

I L 1 p ro d u c t io n  f ro m  L P S -s t im u la te d  M N C  in th e  p re se n c e  o f  

1 %  s e ru m  a n d  5 %  p la s m a  is d e p ic te d  in Fig. 2. C o m p a r e d  to  

re su lts  o b ta in e d  in th e  a b se n c e  o f  p la s m a ,  to ta l  IL  l a  a n d  IL  1(3 

p ro d u c t io n  is e n h a n c e d  by a f a c to r  o f  10  in r e s p o n s e  to  low- 

d o se  L P S  (0 .5  n g /m l)  a n d  by a fa c to r  o f  3 - 5  w h e n  5 -5 0 0 0  ng/ 

m l L P S  a re  u s e d  as s t im u li .  In  r e s p o n s e  to  0.5 ng /m l L P S , 

M N C  p ro d u c e  th r e e  t im e s  m o re  IL  l a  th a n  IL  1(3 (F ig . 2 A ) .  In  

c o n t ra s t ,  u s in g  h ig h e r  L P S  c o n c e n t r a t io n s  (0 .5  a n d  5 (ig/ml) in 

th e  p re s e n c e  o f  1 %  s e ru m  a n d  5 %  p la sm a  d u r in g  in c u b a t io n ,  

I L l a  a n d  IL  1(3 a re  p r o d u c e d  in s im ila r  a m o u n ts .  M o s t  o f  th e  

I L l a  r e m a in s  cell a s so c ia te d  a n d  th e  IL1(3 is s e c re te d ,  as 

o b s e rv e d  p re v io u s ly  in th e  a b s e n c e  o f  p la sm a .  A s  d e p ic te d  in 

F ig . 2 B , th e  c e l l -a s so c ia te d  s a m p le s  c o n ta in  5 - 1 0  t im es  m o re  

IL  l a  th a n  IL  1(3 a n d  M N C  se c re te  5 - 1 0  t im es  m o re  IL  1(3 th a n  

I L l a  (F ig . 2 C ) .  S im ila r  to  th e  p la sm a - f re e  in c u b a t io n s ,  

8 0 % - 9 0 %  o f  to ta l  I L l a  r e m a in s  cell a s so c ia te d  a t all c o n c e n 

t r a t io n s  o f  L P S ,  w h e re a s  8 0 %  o f  to ta l  IL  1(3 is fo u n d  in  th e  

e x t ra c e l lu la r  c o m p a r tm e n t  a f te r  18 h o f  in c u b a t io n .
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Figure 2. D o s e  r e s p o n s e  o f  I L l a  a n d  I L  1 p p r o d u c t io n  f rom  M N C  

d u r in g  18 h o f  i n c u b a t io n  in t issue  c u l tu re  m e d iu m  c o n ta in in g  1%  

s e r u m ,  5%  a u to lo g o u s  p la s m a  a n d  v a r io u s  c o n c e n t r a t io n s  o f  L P S .  (A )  

T o ta l  I L 1  (cell a s s o c ia t e d - I - e x t r a c e l lu la r ) ;  (B )  ce l l -a ssoc ia ted  levels;  

(C) e x t r a c e l lu la r  c o n c e n t r a t io n s .  E a c h  b a r  r e p r e s e n t s  th e  m e a n  o f  fou r  

e x p e r im e n t s  ±  S E M .

1 2 -

3 .2  K in e t i c s  o f  L P S - in d u c e d  M N C  IL  l a ,  IL  1 0  a n d  T N F - a  

p r o d u c t i o n  a n d  r e l e a s e

M N C  f ro m  tw o  d o n o r s  w e re  s t im u la te d  w ith  500 ng /m l L P S  in 

th e  p re s e n c e  o f  1 %  h e a te d  A B  s e ru m  a n d  5 %  a u to lo g o u s  

p la sm a  a n d  in c u b a te d  fo r  v a r io u s  t im e  p e r io d s  a t 37 °C. M N C  

SN  as w ell as cell ly sa tes  w e re  a ssa y e d  fo r  e x tra c e l lu la r  a n d  

c e l l -a s so c ia te d  levels  o f  I L l a ,  IL1(3 a n d  T N F - a  a f te r  1, 2, 6 , 

16, 20, 24 a n d  48 h o f  in c u b a t io n  (Figs. 3 a n d  4). In  b o th  

e x p e r im e n ts ,  c e l l -a s so c ia te d  I L l a  is d e te c ta b le  w ith in  2 h , 

in c re a se s  w ith  t im e  a n d  re a c h e s  a p la te a u  a t  m ax im a l levels o f  

10 ng /m l w ith in  6 h (F igs. 3 A  a n d  4 A ) .  A f te r  24 h o f  M N C  

in c u b a t io n ,  c e l l -a s so c ia te d  c o n c e n t r a t io n s  o f  I L l a  s ta r t  to  

d e c re a s e  a n d  a re  lo w e r  ( 2 - 4  ng /m l)  in th e  48-h sam p les .  

E x t ra c e l lu la r  c o n c e n t r a t io n s  o f  IL  l a  a re  d e te c ta b le  w ith in  6 h 

a n d  in c re a s e  to  e x c e e d  c e l l -a sso c ia te d  levels  a f te r  48 h o f  in c u 

b a t io n  (F igs. 3 A  a n d  4 A ) .

T h e  t im e -c o u rs e  o f  IL  1(3 p ro d u c t io n  a n d  re le a se  is sh o w n  in 

Figs. 3B  a n d  4B . L ik e  I L l a ,  c e l l-a sso c ia te d  IL  1(3 c o n c e n t r a 

t io n s  a re  m a x im a l  ( 3 - 5  n g /m l)  w ith in  6 h a n d  s ta r t  to  d e c re a se

O)

aJ
<D

8 “

4 -

0 “ I ------- ------ 1------ 1 -------1------ 1 — I------- ------ J— -------1

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

(C)

1 2 -

8
o>

LL
2
I-

0

Figure 3. T i m e  c o u r s e  o f  I L l a ,  IL  I ß  a n d  T N F - a  p r o d u c t io n  f ro m  

h u m a n  M N C  in c u b a t e d  w i th  500 ng /m l  L P S  in M E M  c o n ta in in g  1%  

s e r u m  a n d  5 %  a u to lo g o u s  p la s m a .  C e l l -a s so c ia te d  a n d  e x t r a c e l lu la r  

c y to k in e  levels  w e re  m e a s u r e d  a f te r  1, 2 ,  6 , 16, 20,  24 a n d  48 h. T h e  

re su l ts  d e p ic t  a s ingle  d o n o r .  ( A )  I L l a ;  (B )  I L l ß ;  (C )  T N F - a .
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a f te r  2 0 -2 4  h o f  in c u b a t io n .  In  c o n t ra s t  to  th e  IL  l a  m e a s u r e 

m e n ts ,  e x t ra c e l lu la r  a m o u n ts  o f  IL  l ß  e x c e e d  ce l l-a sso c ia ted  

leve ls  o f  th e  6-h  sa m p le s  a n d  re a c h  m a x im a l  c o n c e n tra t io n s  

(1 0 -1 5  ng /m l)  w ith in  16 h o f  M N C  in c u b a t io n .

S e c re te d  T N F  e x c e e d s  ce l l-a sso c ia ted  levels in th e  firs t sa m p le  

t a k e n  a f te r  1 h o f  in c u b a t io n  (F igs. 3C  a n d  4 C ).  C e ll-a ssoc i 

a te d  T N F - a  is less th a n  10%  o f  to ta l  a t  all t im e  p o in ts .  

E x t r a c e l lu la r  T N F - a  in c re a se s  w ith  t im e ,  re a c h e s  m ax im a l 

levels  w ith in  6 - 1 6  h (7 -1 0  ng /m l)  a n d  d e c re a s e s  th e r e a f te r  to  

c o n c e n t r a t io n s  o f  3 - 5  ng /m l d u r in g  th e  fo llow ing  t im e  p e r io d .
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W e  n e x t  c o m p a r e d  th e  e ffec t o f  a 2-h  L P S  s t im u la t io n  vs. 
c o n s ta n t  L P S  s t im u la t io n  o n  c y to k in e  p ro d u c t io n  a n d  re le a se  

(F ig . 5). O n c e  ag a in  th e  c u l tu re  m e d iu m  c o n ta in e d  1%  se ru m  

p lu s  5 %  a u to lo g o u s  p la s m a  a n d  th e  L P S  c o n c e n tra t io n  w e 

u se d  w as  500 ng /m l. M N C  in c u b a t io n  w as  p e r fo rm e d  fo r  2 , 4, 

6 , 12, 24 a n d  48 h , a n d  ce l l-a sso c ia ted  as well as e x tra c e l lu la r  

c o n c e n t r a t io n s  o f  I L l a ,  IL  1(3 a n d  T N F - a  w e re  m e a s u re d .
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Figure 4. T h e  e x p e r im e n ta l  des ign  is the  sa m e  as th a t  sh o w n  in Fig. 3 

b u t  us ing  the  M N C  o f  a n o t h e r  d o n o r .

Figure 5. T im e  c o u r s e  o f  I L l a ,  IL1(3 a n d  T N F - a  p r o d u c t io n  f ro m  

h u m a n  M N C  in c u b a te d  w i th  500 ng/m l L P S  in M E M  c o n ta in in g  1%  

s e r u m  a n d  5 %  a u to lo g o u s  p la sm a .  M N C  in c u b a te d  c o n t in u a l ly  in L P S  

is c o m p a r e d  to  L P S  s t im u la t io n  fo r  2 h. C e l l -a s so c ia ted  a n d  e x t r a c e l lu 

l a r  c y to k in e  levels  w e re  m e a s u r e d  a f te r  2, 4, 6 , 12, 24 a n d  48 h. (A )  

I L l a ;  (B )  I L I P ;  (C )  T N F - a .

A lth o u g h  at sev e ra l  t im e  p o in ts  v a lu es  fo r  all th re e  cy to k in es  

a re  less fo llo w in g  a 2-h L P S  s t im u la t io n  th a n  a f te r  c o n s ta n t  

L P S  s t im u la t io n ,  th e  t im e  c o u rse s  o f  c y to k in e  p ro d u c t io n  an d  

re le a se  a re  th e  s a m e .  M o s t  o f  th e  IL  l a  re m a in s  cell a sso c ia ted  

un ti l  48 h o f  in c u b a t io n  (F ig . 5 A ) .  In  c o n tra s t ,  5 0 %  o f  th e  

IL  1(3 is a l re a d y  s e c re te d  a f te r  6 h a n d  e x tra c e l lu la r  c o n c e n t r a 

t io n s  re a c h  m a x im u m  w ith in  12 h (F ig . 5B ). A s  sh o w n  in 

Fig. 5C , ce l l-a sso c ia ted  c o n c e n t r a t io n s  o f  T N F - a  a re  ve ry  low 

o r  n o t  d e te c ta b le  in th e  sa m p le s .  E x tra c e l lu la r  T N F - a  is m ax i 

m a l a f te r  12 h o f  in c u b a t io n ,  in d e p e n d e n t  o f  th e  t im e  o f  L PS  

s t im u la t io n  (2 h o r  c o n s ta n t )  a n d  d e c re a se s  to  lo w er  levels 

m e a s u re d  in th e  24-h  a n d  48-h  sam p les .

4  D iscu ss ion

W e h av e  d e m o n s t r a t e d  d if fe re n c e s  in th e  a m o u n t  o f  cell- 

a s so c ia te d  a n d  e x t ra c e l lu la r  IL  l a ,  IL  1(3 a n d  T N F - a  p ro d u c e d  

in vitro by  h u m a n  M N C  s t im u la te d  w ith  L P S . F irs t  w e c o m 

p a r e d  ce l l-a sso c ia ted  a n d  e x tra c e l lu la r  IL  l a  a n d  IL  1(3 p ro d u c -

t io n  in r e s p o n s e  to  v a r io u s  c o n c e n t ra t io n s  o f  L P S  a n d  te s te d  

th e  in f lu e n c e  o f  5 %  a u to lo g o u s  p la s m a  p re s e n t  d u r in g  18 h o f  

in c u b a t io n .  S e c o n d ,  w e in v e s t ig a te d  th e  k in e tic s  o f  p ro d u c t io n  

a n d  re le a s e  o f  I L l a ,  IL  1(3 a n d  T N F - a  f ro m  h u m a n  M N C  

s t im u la te d  w ith  500 ng /m l L P S  in th e  p re se n c e  o f  1%  A B  

s e ru m  a n d  5 %  p la sm a .

In  th e  p re s e n c e  o f  1 %  A B  s e ru m ,  L P S  in d u c e s  m o re  to ta l  

I L l a  th a n  IL  1(3. T h is  is a su rp r is in g  n ew  f in d ing  since o th e r  

a u th o r s  s tu d y in g  m R N A  levels  fo u n d  m o re  m R N A  fo r  IL  1(3 

th a n  fo r  IL  l a  in L P S -s t im u la te d  M N C  [17]. T h e r e f o r e ,  t r a n s 

la t io n  fo llo w in g  t r a n s c r ip t io n  se e m s  to  b e  re g u la te d  o r  a t  leas t  

in f lu e n c e d  d if fe re n t ly  fo r  th e  tw o  fo rm s  o f  I L 1 .  C o m p a r e d  to  

p la s m a - f re e  in c u b a t io n s ,  in th e  p re s e n c e  o f  5 %  p la sm a ,  b o th  

I L l a  a n d  IL  1(3 p ro d u c t io n  as w ell as re le a se  a re  in c re a se d .  

T h e  e n h a n c in g  e ffec t  o f  p la s m a  is m o re  e ffec tive  o n  IL  1(3 th a n  

o n  IL  l a  sy n th es is ,  so th a t  th e  a d d i t io n  o f  p la sm a  to  th e  M N C  

in c u b a t io n  lead s  to  th e  p ro d u c t io n  o f  e q u a l  a m o u n ts  o f  I L l a  

a n d  IL  1(3. T h e  m e c h a n ism  by w h ich  p la sm a  e n h a n c e s  L PS- 

in d u c e d  I L 1  p ro d u c t io n  is u n k n o w n .  A l th o u g h  a  sy nerg ism



b e tw e e n  th e  c o m p le m e n t  c o m p o n e n t  C 5 a  a n d  L P S  has  b e e n  

d e sc r ib e d  [25], th e  a m o u n t  o f  C 5 a  p re s e n t  in a so lu t io n  c o n 

ta in in g  o n ly  5 %  p la s m a  is u n l ik e ly  to  b e  a lo n e  re sp o n s ib le  fo r  

th e  o b s e rv e d  p la s m a  e ffec t  o n  I L 1  p ro d u c t io n .  T h e re fo re ,  

o th e r  fa c to rs  s e e m  to  be  in v o lv e d ,  i.e. th ro m b in  o r  p la te le t  

fac to rs  like  s e ro to n in  w h ich  m a y  a lso  ac t synerg is tica lly  w ith  

L PS  o n  M N C  I L 1  p ro d u c t io n  [26].

R e g a rd le s s  o f  c u l tu re  c o n d i t io n s ,  8 0 %  o f  IL  1(3 is s e c re te d  in to  

the  e x t ra c e l lu la r  c o m p a r tm e n t  w h e re a s  9 0 %  o f  I L l a  re m a in s  

cell a s so c ia te d  a f te r  18 h o f  L P S  s t im u la t io n .  T h e s e  re su lts  a re  

s u p p o r te d  by o th e r  a u th o r s  w h o  r e p o r t e d  in t ra c e l lu la r  I L 1  

ac tiv ity , 9 0 %  o f  w h ich  h a d  a p i  o f  5 .5 a n d  th e r e f o r e  w as IL  l a  

[18]. S e c re te d  a m o u n ts  o f  b o th  I L l a  a n d  IL  1(3 a re  L P S  dose  

d e p e n d e n t ,  w h e re a s  th e  ce l l-a sso c ia ted  I L 1  p ro d u c t io n  seem s  

to be  d o se  in d e p e n d e n t  as long  as th e  s t im u la t in g  L P S  c o n c e n 

t r a t io n  e x c e e d s  a th re s h o ld  (5 ng /m l w i th o u t  p la sm a ,  0 .5  ng/m l 

w ith  p la s m a ) .

T ra n s c r ip t io n  a n d  p ro te in  sy n th es is  se em s  to  be  re g u la te d  

s im ilarly  fo r  IL  l a  a n d  IL  1(3. In  c o n t ra s t ,  IL  1 re le a se  in to  th e  

e x t ra c e l lu la r  sp a c e  se e m s  to  be  c o n tro l le d  d if fe ren tly  fo r  th e  a  

a n d  (3 fo rm s  o f  th is  c y to k in e .  A l th o u g h  th e  a b se n c e  o f  a signal 

p e p t id e  o n  th e  tw o  IL  1 m o le c u le s  in d ica te s  th a t  b o th  

c y to k in e s  m ig h t  n o t  be  typ ica l s e c re to ry  p ro te in s ,  o u r  resu lts  

su g g es t  th a t  IL  1(3 is p r e d o m in a n t ly  s e c re te d  w h e re a s  I L l a  

re m a in s  cell a s so c ia te d .

T h e  t im e -c o u rs e  s tu d ie s  o f  c y to k in e  p ro d u c t io n  an d  re le a se  

f ro m  L P S -s t im u la te d  M N C  co n f irm  th e  re su lts  o f  th e  dose-  

re sp o n se  s tu d y  w ith  r e s p e c t  to  th e  c o m p a r tm e n ta l iz a t io n  o f  

I L 1 .  M o s t  o f  th e  I L l a  re m a in s  cell a s so c ia te d  u p  to  24 h, 

w h e re a s  IL  1(3 is fo u n d  p re d o m in a n t ly  in th e  e x tra c e l lu la r  c o m 

p a r tm e n t  w ith in  6 h . P re v io u s  s tu d ie s  h a v e  su g g e s te d  th a t  plas- 

m in  [27] a n d  o th e r  se r in e  p ro te a s e s  [28] in f lu en ce  th e  a m o u n t  

o f  IL  1(3 s e c re te d  in to  th e  e x t ra c e l lu la r  flu id  a n d  th e  p re s e n t  

re su lts  a re  c o n s is te n t  w ith  th is  f in d in g , s ince th e  fre sh  p la sm a  

p re s e n t  d u r in g  in c u b a t io n  p ro b a b ly  c o n ta in s  p ro te a s e s .  A  

re c e n t  s tu d y  su g g es ts  th a t  th e  p h o s p h o ry la t io n  o f  th e  in t ra c e l 

lu la r  p r e c u r s o r  o f  I L l a  m a y  fac il i ta te  th e  p ro cess in g  a n d  

re le a se  o f  I L l a  a n d  th a t  th is  p h o s p h o ry la t io n  d o e s  n o t  ta k e  

p lace  o n  IL  1(3 [29]. H o w e v e r ,  o u r  re su lts  d e m o n s t r a te  IL  1(3 as 

th e  p r e d o m in a n t ly  s e c re te d  fo rm  o f  I L 1  w h e re a s  I L l a  

re m a in s  cell a s so c ia te d .  T h e r e f o r e ,  in th e  m e c h a n ism  o f  s e c re 

t io n ,  p h o s p h o ry la t io n  se e m s  to  be  less im p o r ta n t  fo r  IL  1(3 

th a n  p ro c e ss in g  o f  th e  p r e c u r s o r  by  o th e r  fa c to rs  like p ro te a s e s  

[28].

W e  a lso  m e a s u r e d  T N F - a  levels  in th e  t im e  co u rse  e x p e r i 

m e n ts .  In  c o n t ra s t  to  IL  1(3, th e  m a jo r i ty  o f  IL  l a  is p re s e n t  in 

th e  e x t ra c e l lu la r  f lu id  a l re a d y  a f te r  1 h o f  in c u b a t io n .  T r a n s 

c r ip t io n  a n d  t r a n s la t io n  o n  th e  o n e  h a n d  a n d  t r a n s p o r t  in to  th e  

e x t ra c e l lu la r  sp a c e  o n  th e  o th e r  h a n d  se e m  to  be  c losely  l ink ed  

fo r  T N F - a .  T h e  d if fe re n c e s  in s e c re t io n  k in e tic s  fo r  T N F - a  

c o m p a r e d  to  th e  IL  1 p e p t id e s  c o u ld  b e  e x p la in e d  by th e  d if fe r 

e n t  m o le c u la r  s t ru c tu re  o f  th is  c y to k in e .  In  c o n tra s t  to  b o th  

fo rm s  o f  I L 1 ,  T N F - a  p o ssesse s  a typ ica l signal p e p t id e  fo r  

c leav ag e  a n d  t r a n s p o r t  [5], su g g es tin g  th a t  T N F - a  is a se 

c r e to ry  p e p t id e .  R e c e n t  s tu d ie s ,  h o w e v e r ,  c la im  th a t  T N F - a  is 

a lso  ac tive  as a c e l l-a sso c ia ted  m o le c u le  [30].

W e  d id  n o t  d i f f e re n t ia te  b e tw e e n  cy toso lic  a n d  m e m b ra n e -  

b o u n d  IL  1 o r  T N F  in th is  s tu d y . S ince  n o  u l t ra c e n tr i fu g a t io n  

w as p e r f o r m e d  b e fo re  m e a s u r e m e n t  o f  ce ll-a sso c ia ted  

c y to k in e s  a f te r  th e  th r e e  f r e e z e - th a w  cycles, th e se  sam p le s

E u r .  J .  I m m u n o l .  1 9 8 9 . 19: 1 5 3 1 -1 5 3 6

m a y  c o n ta in  b o th  cy to so lic  a n d  m e m b r a n e - b o u n d  IL  1 a n d /o r  

T N F - a .

S ev e ra l  s tu d ie s  p ro v id e  e v id e n c e  th a t  b o th  fo rm s  o f  IL  1 ex ist 

as cy toso lic  as w ell as m e m b r a n e - b o u n d  m o lecu le s .  C o n lo n  e t  

al. d e m o n s t r a t e d  m e m b r a n e - b o u n d  I L l a  on  h u m a n  M N C  

a f te r  18 h o f  L P S  s t im u la t io n  [31]. S tu d ie s  u s ing  a n t i - I L l ß  

a n t ib o d ie s  id e n t if ie d  cell su r fa c e  I L 1  as th e  IL  l ß  m o lecu le  

[32]. C y to so lic  IL  1 h as  b e e n  specifica lly  id e n t if ie d  as I L l a  by  

I E F  [18] a n d  a lso  as IL  l ß  by  im m u n o p re c ip i ta t io n  [28]. S isson  

e t  al. [33], w h o  f r a c t io n a te d  th e  ce l l-a sso c ia ted  c o m p a r tm e n ts  

o f  im m u n o re a c t iv e  c y to k in e s  in M N C  s t im u la te d  w ith  G M - 

C S F , fo u n d  m o s t  o f  th e  c e l l-a sso c ia ted  I L l a  a n d  IL  l ß  in th e  

cy to so lic  c o m p a r tm e n t .

L ik e  L P S , G M -C S F  also  in d u c e d  T N F - a  in M N C , 9 0 %  o f  

w h ich  w as  s e c re te d  in to  th e  e x tra c e l lu la r  c o m p a r tm e n t .  M o s t  

o f  th e  low  a m o u n t  o f  ce l l-a sso c ia ted  T N F - a  w as in th e  

cy to so lic  c o m p a r tm e n t  [33]. In  c o n tra s t ,  a r e c e n t  s tu d y  

d e s c r ib e d  T N F  ac tin g  as a  cy to to x ic  m e m b r a n e - b o u n d  p ro te in  

[34]. H o w e v e r ,  th e se  s tu d ie s  w e re  d o n e  w ith  cell lines w hich  

m a y  d if fe r  f ro m  M N C . A c c o rd in g  to  o u r  re su l ts ,  L P S -s t im u 

la te d  M N C  s e e m  to  p ro c e ss  a n d  re le a se  T N F - a  very  read ily . 

A l th o u g h  w e  d id  n o t  a t t e m p t  to  id en tify  m e m b r a n e - b o u n d  

T N F - a  in th is  s tu d y ,  o u r  d a ta  su g g es t  th a t  th is  is a v e ry  sm all 

a m o u n t  o f  th e  to ta l  T N F - a  p ro d u c e d  by  M N C  fo llow ing  L P S  

s t im u la t io n .
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