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ABSTRACT 

Recombinant tumor n e c r o s i s f a c t o r (TNF) had hypothermic a c t i v i t y i n v i v o . 
Intravenous i n j e c t i o n of TNF r e s u l t e d i n a hypothermic r e a c t i o n of mice w i t h i n 3 
to 6 h o u r s . This r e a c t i o n was not the r e s u l t of i n t e r l e u k i n 1 (IL1) r e l e a s e from 
macrophages/monocytes. P e r i t o n e a l exudate c e l l c u l t u r e s from e n d o t o x i n low 
responder mice or human p e r i p h e r a l mononuclear l e u k o c y t e c u l t u r e s d i d not 
generate IL1 a c t i v i t y i n the supernatant a f t e r exposure to TNF. The a d d i t i o n of 
i n t e r f e r o n - T CIFN^Y) or preexposure to IFN~Y and then s t i m u l a t i o n with TNF did 
a l s o not r e s u l t i n IL1 s e c r e t i o n . No IL1 i n h i b i t o r was generated and TNF d i d not 
i n t e r f e r e with the IL1 t e s t systems. Therefore, we conclude that the hypothermic 
a c t i v i t y of TNF i s not mediated v i a the i n d u c t i o n of IL1 p r o d u c t i o n by mono­
nuclear phagocytes. 

INTRODUCTION 

TNF has been demonstrated as the mediator r e s p o n s i b l e f o r the tumor n e c r o s i s 
phenomenon which o c c u r s a f t e r i n j e c t i o n of endotoxin i n t o tumor bearing hosts 
(1). The c e l l u l a r source of TNF are a c t i v a t e d macrophages which produce TNF a f t e r 
s t i m u l a t i o n with b a c t e r i a l l i p o p o l y s a c c h a r i d e (LPS) (2). With the a v a i l a b i l i t y of 
recombinant TNF (3) a wide spectrum of b i o l o g i c a l a c t i v i t i e s f o r TNF has been 
d e s c r i b e d b e s i d e s i t s tumor c y t o t o x i c e f f e c t . I t a l s o became obvious that TNF 
shares a number of b i o l o g i c a l f u n c t i o n s with i n t e r l e u k i n 1 (IL1) (M) and t h a t i t 
mediates e n d o t o x i n e f f e c t s ( 5 ) . The q u e s t i o n was asked whether the endotoxic 
e f f e c t s of TNF were a consequence of IL1 i n d u c t i o n or whether they were d i r e c t 
TNF e f f e c t s . 

Induction of fever i n r a b b i t s serves as a q u a n t i t a t i v e determination of minute 
amounts of endotoxin. The mechanism of t h i s very s e n s i t i v e f e v e r t e s t i n c l u d e s 
the p r o d u c t i o n of prostaglandins of the E s e r i e s v i a i n d u c t i o n of endogenous IL1 
(4). In con t r a s t to r a b b i t s , mice and r a t s r eact with hypothermia upon e n d o t o x i n 
i n j e c t i o n when they are kept a t room temperature ( 6 ) . This endotoxin-induced 
h y p o t h e r m i a i s p r o b a b l y not due t o changes of the t h e r m o r e g u l a t i o n i n the 
hypothalamus but r a t h e r a t o x i c e f f e c t on the blood v e s s e l s . In t h i s study we 
demonstrate the in d u c t i o n of hypothermia i n mice upon TNF i n j e c t i o n s i m i l a r t o 



the e n d o t o x i n - i n d u c e d hypothermia. We i n v e s t i g a t e d whether t h i s endotoxin-1 ike 
f u n c t i o n of TNF i s a d i r e c t e f f e c t of TNF or whether i t i s mediated v i a IL1 
production by macrophages. 

MATERIALS AND METHODS 

Mice 

Male C3H/He or C3H/HeJ mice 4-8 weeks of age were e i t h e r o b t a i n e d from 
Z e n t r a l i n s t i t u t für Versuchstierkunde, Hannover, F.R.G. or from Bomholtgard L t d . , 
Ry, Denmark or from the Jackson L a b o r a t o r i e s , Bar Harbor, Maine, U.S.A. 

Reagents 

P u r i f i e d recombinant human TNF was g e n e r o u s l y s u p p l i e d by the BASF AG, 
Ludwigshafen, F.R.G. The preparation contained l e s s than 1 . 3ng e n d o t o x i n per mg 
p r o t e i n . Recombinant human IFN-T was supplied by Dr. C a r l Thomae GmbH, Biberach, 
F.R.G. H i g h l y p u r i f i e d recombinant human IL2 from E. c o l i was obtained from 
Cetus Corporation, E m e r y v i l l e , C a l i f o r n i a , U.S.A. For s t a n d a r d purposes human 
IL 1ß was s e m i p u r i f i e d as described r e c e n t l y ( 7 ) . Lipopolysaccharide preparations 
were e i t h e r d e r i v e d from S. montevideo SH94 prepared according to the phenol 
water e x t r a c t i o n method followed by the phenol-chloroform p e t r o l ether procedure 
(8) or from S. typh. 0901 ( D i f c o , FRG). Glutaraldehyde-fixed Staphylococus aureus 
c e l l s (Pansorbin, Calbiochem, Behring D i a g n o s t i c s , L a J o l l a , C a l i f o r n i a ) were used 
as 0.1% (w/v) suspension. 

Temperature Determination 

R e c t a l temperature were measured using an e l e c t r o n i c temperature probe (Haake 
DT-10, Karlsruhe, F.R.G.). Groups of f i v e mice were kept i n cages without making 
s p e c i a l arrangements to keep the animals warm during the experiment. 

Culture Medium 

The c u l t u r e medium used was RPMI 1640 (Gibco) with 10$ heat i n a c t i v a t e d f e t a l 
c a l f serum (Seromed, Biochrom KG, B e r l i n , F.R.G.). The s p e c i a l batch of FCS used 
was p r e v i o u s l y tested f o r lack of any IL1 inducing a c t i v i t y as described (9). 

IL1 Generating Cultures 

P e r i t o n e a l exudate c e l l s (2x10 6/ml) from e i t h e r C3H/He or C3H/HeJ mice were 
o b t a i n e d 18 h a f t e r i n j e c t i o n of 1ml PBS i . p . They were c u l t u r e d w i t h the 
i n d i c a t e d agents i n c u l t u r e medium f o r 24 hours. Human mononuclear c e l l s were 
prepared from buffy coats (ACD s t a b i l i z e r ) of normal b l o o d u n i t s by F i c o l l - H y -
paque d e n s i t y g r a d i e n t c e n t r i f u g a t i o n (10). The c e l l s were incubated at 3x10 6 

c e l l s / m l a t 37°C f o r 1.5 h i n c u l t u r e f l a s k s ( F a l c o n , Becton Dickinson) and 
nonadherent c e l l s were removed by washing the c e l l s 3 times with 37°C c u l t u r e 
medium. F l a s k s with the adherent c e l l s attached were placed on i c e f o r 20 minutes 
and adherent c e l l s r e c o v e r e d by v i g o r o u s l y p i p e t t i n g w i t h i c e c o l d c u l t u r e 
medium. The adherent c e l l s were immediately seeded and c u l t u r e d a t 3x10 5/ml i n 
m i c r o t i t e r p l a t e s (Falcon) i n the presence of reagents as i n d i c a t e d . A l t e r n a t i v e ­
l y , they were incubated at 1x10 6/ml i n 50ml p o l y p r o p y l e n tubes ( F a l c o n ) at an 
ang l e of 45° f o r 24 h i n the presence or absence of IFNVf (100U/ml) or TNF as 
i n d i c a t e d . Thereafter they were washed 3 times and seeded a t 3x10 5/ml i n m i c r o ­
t i t e r p l a t e s ( F a l c o n ) and incubated f o r f u r t h e r 24 h i n the presence of LPS (S. 
ty p h . ). A f t e r the i n d i c a t e d times s u p e r n a t a n t s from the macrophage/ monocyte 
c u l t u r e s were c o l l e c t e d f o r IL1 determination. 
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HOURS AFTER INJECTION 

FIGURE 1. Hypothermia i n Mice a f t e r Endotoxin or TNF I n j e c t i o n . 
C3H/He (open symbols) or C3H/HeJ ( s o l i d symbols) mice were i n j e c t e d i n t ravenously 
w i t h e i t h e r 100yg of LPS from S. montevideo ( c i r c l e s ) or w i t h 40yg of TNF 
(squares) i n 50yl of PBS. The r e c t a l temperature was measured b e f o r e the i n j e c ­
t i o n and at 1,3,6 and 24 h a f t e r i n j e c t i o n and expressed as mean ± S.D. of groups 
of 5 to 7 mice, a) C3H/He mice i n j e c t e d with TNF died a f t e r 6 hours. 

IL1 Assay Systems 

Thymocytes (0.5~1x10 6) from C3H/HeJ mice were c u l t u r e d i n a volume of 0.1ml i n 
the presence of PHA/M (50yg/ml) (Serva, München, F.R.G.) with s e r i a l d i l u t i o n s of 
the supernatants f o r 72 h. For Fig.2B instead of PHA recombinant IL2 was used as 
costimu l a t o r (7). P r o l i f e r a t i o n was determined by a 4h p u l s e a t the end of the 
c u l t u r e p e r i o d with 1.0yCi of methyl-(3H)-thymidine (3(H)~TdR, s p e c i f i c a c t i v i t y 
50 Ci/mmol, Amersham I n t e r n a t i o n a l L t d . , Amersham U.K.) unless otherwise s t a t e d . 
IL1 t i t e r s are g i v e n as the f i n a l d i l u t i o n s of the supernatants which cause cpm 
2.5-fold higher than background. U n i t s of s e m i p u r i f i e d human IL1 ß c o r r e s p o n d to 
the d i l u t i o n which causes 1/2 maximal p r o l i f e r a t i o n ( F i g . 2 ) . 

RESULTS 

TNF-Induced Hypothermia 

I n j e c t i o n of p u r i f i e d l i p o p o l y s a c c h a r i d e (LPS) i n t o L P S - s e n s i t i v e mice leads 
to hypothermia when the animals are kept at room temperature. This r e a c t i o n i s a 
t y p i c a l e n d o t o x i n e f f e c t and can e a s i l y be measured. Values of body temperature 
of C3H/He mice at d i f f e r e n t t imes a f t e r i . v . a p p l i c a t i o n of LPS are shown i n 
F i g . 1 . W i t h i n 6 hours the temperature dropped by 3 to 5°C and r e c l i n e d there­
a f t e r . A s i m i l a r drop i n temperature was measured a f t e r a p p l i c a t i o n of recomb i ­
nant TNF ( F i g . 1 ) . T h i s hypothermic e f f e c t a f t e r TNF i n j e c t i o n was not due to 
contaminating LPS, since concentrations of LPS equivalent t o the c o n t a m i n a t i o n 
were unable t o induce such a r e a c t i o n ( d a t a not shown). A l s o , a s i g n i f i c a n t 
hypothermic r e a c t i o n was induced with TNF i n LPS-low responder C3H/HeJ mice i n 
which LPS i t s e l f d i d not induce hypothermia. This i n d i c a t e d that the hypothermic 
r e a c t i o n a f t e r a p p l i c a t i o n of the TNF preparation was not mediated by LPS. I t has 
been shown i n a s e p a r a t e study that the mediation of t y p i c a l endotoxin e f f e c t s 
- i n c l u d i n g hypothermia - by TNF i n v i v o i s a dose dependent, important f u n c t i o n 
of TNF (11). 



RECIPROCAL DILUTION RECIPROCAL DILUTION OF TNF (10/ug/ml) 

FIGURE 2. Lack of I L 1 - A c t i v i t y by TNF 
A) Thymocytes ( 5 x 1 0 5 ) from C3H/HeJ mice were c u l t u r e d i n the presence of a 

suboptimal concentration of mitogen and d i f f e r e n t d i l u t i o n s of e i t h e r IL1 (6U/ml) 
( O ) or TNF (10ng/ml) ( o ) i n 0.2ml volume. 3H TdR uptake was measured i n a 16h 
pulse. 

B) Thymocytes ( 5 x 1 0 5 ) from C3H/HeJ mice were c u l t u r e d i n the presence of IL2 
(25U/ml) without IL1 ( O ) , with 0.013U/ml ( • ) , 0.93U/ml ( • ), 9U/ml ( O ) of 
IL1, and d i f f e r e n t d i l u t i o n s of TNF OOyg/ml). 3H TdR uptake was measured i n a 6h 
pulse. 

IL1 Serum Levels a f t e r TNF I n j e c t i o n 

S i n c e IL1 i s a w e l l known mediator of LPS-induced fever i n r a b b i t s , LPS-in-
duced hypothermia i n mice could a l s o be mediated by endogenous production of IL1. 
T h e r e f o r e , the p o s s i b i l i t y was tested whether TNF i n j e c t i o n induced IL1 produc­
t i o n i n the animals. No s i g n i f i c a n t IL1 a c t i v i t y was detected i n s e r a of e i t h e r 
L P S - s e n s i t i v e or L P S - i n s e n s i t i v e mice c o l l e c t e d at d i f f e r e n t times (1h, 3h, 6h 
and 24h) a f t e r TNF (40ug) a p p l i c a t i o n . Only i n a few LPS s e n s i t i v e animals l i t t l e 
IL1 was detected 6 h a f t e r LPS (200yg) i n j e c t i o n . TNF a c t i v i t y was s t i l l detecta­
ble i n serum 6h a f t e r i n j e c t i o n of TNF (data not shown). This o b s e r v a t i o n agreed 
v e r y w e l l w i t h our e a r l i e r f i n d i n g s and dat a from o t h e r l a b o r a t o r i e s , which 
showed that serum l e v e l s of i n t e r l e u k i n 1 can only be measured a f t e r LPS i n j e c ­
t i o n i n mice which have a h i g h l y a c t i v a t e d mononuclear phagocyte system (R. 
Urbaschek et a l . , unpublished r e s u l t s ) . 

Influence of TNF on IL1 Test Systems 

The o b s e r v a t i o n t h a t no IL1 was measurable i n the sera of the TNF i n j e c t e d 
animals even though TNF a c t i v i t y was s t i l l present i n d i c a t e d that TNF had no IL1 
e f f e c t i n the thymocyte c o s t i m u l a t o r assay system. To t e s t whether TNF had any 
e f f e c t i n the IL1 assay or whether i t could mask IL1 a c t i v i t y TNF was t i t r a t e d 
i n t o the thymocyte c o s t i m u l a t o r a s s a y . TNF did not s u b s t i t u t e f o r IL1 i n t h i s 
c l a s s i c a l IL1 t e s t system ( F i g . 2 A ) . A l s o , i n a second t e s t system f o r IL1 
a c t i v i t y i n which p r o l i f e r a t i o n of murine thymocytes was induced by simultaneous 
a d d i t i o n of IL2 p l u s IL1 ( 7 ) , TNF was unable t o s u b s t i t u t e or modulate IL1 
a c t i v i t y (Fig.2B). 

F a i l u r e of TNF to Induce IL1 Production i n v i t r o 

To f u r t h e r examine whether TNF could induce. IL1 a c t i v i t y i n macrophages, IL1 
g e n e r a t i o n i n v i t r o was t e s t e d . Murine p e r i t o n e a l exudate c e l l s (PEC) were 
c u l t u r e d i n d i f f e r e n t concentrations of recombinant TNF and the supernatants were 
t e s t e d f o r IL1 a c t i v i t y . Low amounts of IL1 a c t i v i t y were generated i n superna­
ta n t s of PEC from L P S - s e n s i t i v e mice a f t e r 24 hours (Table 1A). PEC from L P S - i n ­
s e n s i t i v e C3H/HeJ mice, however, d i d not r e l e a s e IL1 i n t o the supernatant upon 



TNF exposure. However, macrophages of C3H/HeJ mice were able to produce IL1 when 
s t i m u l a t e d w i t h S t a p h , aureus as shown i n T a b l e 1B. TNF completely l o s t the 
c y t o t o x i c a c t i v i t y a f t e r heating at 100°C f o r 10 minutes (data not shown). This 
heated m a t e r i a l s t i l l i n duced the same t i t e r . o f IL1 a c t i v i t y i n the C3H/He 
macrophage c u l t u r e s as the untreated TNF. This i n d i c a t e d that the IL1 a c t i v i t y 
was not induced by b i o l o g i c a l l y a c t i v e TNF but r a t h e r by a heat r e s i s t a n t 
contamination of the TNF p r e p a r a t i o n . 

Human and mouse TNF are not c o m p l e t e l y homologous ( 1 2 ) . In order to t e s t 
whether a p o s s i b l e IL1 i n d u c t i o n might be a s p e c i e s - s p e c i f i c a c t i v i t y of TNF, 
enriched human p e r i p h e r a l blood adherent c e l l s (mostly monocytes) were exposed to 
graded amounts of recombinant human TNF i n the presence or absence of LPS. TNF by 
i t s e l f d i d not induce IL1 p r o d u c t i o n i n these c u l t u r e s (Table 2). This was not 
d i f f e r e n t i n the presence of IFN-Y which i s known to enhance LPS-induced IL1 
s e c r e t i o n by human monocytes (13). F i n a l l y , TNF 10ug -3pg/ml d i d not i n f l u e n c e 
the t i t e r of IL1 which was induced by s t i m u l a t i o n w i t h LPS. These da t a showed 
t h a t n e i t h e r IL1 s e c r e t i o n i t s e l f nor any d e t e c t a b l e i n h i b i t o r y a c t i v i t y was 
induced by TNF. 

Monocytes from d i f f e r e n t human donors secrete widely d i f f e r i n g amounts of IL1 
upon s t i m u l a t i o n with a given dose of LPS. Nevertheless, enriched human monocytes 
r e p r e s e n t a s e n s i t i v e system f o r m o n i t o r i n g IL1 production (9). Table 3 shows 
t h a t L P S - s t i m u l a t e d e n r i c h e d monocytes r e l e a s e d h i g h e r t i t e r s of IL1 than 
homologous mononuclear c e l l s c o n t a i n i n g comparable amounts of adherent c e l l s . 
IFN-Y can f u r t h e r enhance IL1 t i t e r s . The data d e s c r i b e d above o b t a i n e d w i t h 
IFN-Y c o n t a i n i n g monocyte-enriched c u l t u r e s do not exclude the p o s s i b i l i t y that 
TNF might i n f l u e n c e monocyte IL1 s e c r e t i o n v i a an i n d i r e c t r o u t e i m p l i c a t i n g 
l y m p h o c y t e s . T h e r e f o r e , the e f f e c t of TNF on the IL1 s e c r e t i o n by mononuclear 
c e l l s was t e s t e d . Again, TNF 10yg ^3pg/ml d i d n e i t h e r induce any IL1 s e c r e t i o n by 
i t s e l f , nor d i d i t a f f e c t IL1 p r o d u c t i o n by mononuclear leucocytes when these 
c e l l s were stimulated with LPS (1pg to 10ng/ml) (data not shown). 

P e r i p h e r a l human monocytes, when kept i n c u l t u r e f o r 24 hrs i n the absence of 
s t i m u l a n t s , l o s e t h e i r s e n s i t i v i t y to LPS as measured by i n d u c t i o n of IL1. I t has 
been shown t h a t t h i s p r o c e s s can be prevented or delayed by IFN-Y (13,1*0. The 
p o s s i b i l i t y was tested whether TNF might i n t e r f e r e with t h i s i n v i t r o d i f f e r e n t i a 

TABLE 1 

IL1 Induction in Murine Peritoneal Exudate Cell Cultures 

I L 1 ( t i t e r ) D — 
s t i m u l u s 3 C3H/He c e l l s C3H/HeJ c e l l s 

A) LPS 10yg 24 <4 
TNF 10yg 6 <4 

1]jg 4 <4 
0.1yg <4 <4 

none <4 <4 

B) LPS 50yg 64 <4 
TNF 10ug 32 <4 
i n a c t i v a t e d TNF 10ug 32 <4 
Staph, aureus >512 256 
none 16 <4 

a P e r i t o n e a l exudate c e l l s ( 2 x 1 0 6 / m l ) of e i t h e r C3H/He or C3H/HeJ mice were 
c u l t u r e d i n the presence of e i t h e r LPS (S. montevideo SH94, 10 or 50ug/ml), TNF 
(0.1-1Oyg/ml as i n d i c a t e d ) , heat i n a c t i v a t e d TNF which was kept at 100°C f o r 10 
minutes (10yg/ ml), Staph, aureus c e l l s (Pansorbin 0.1% (w/v)) or no stimulus. 
b IL1 a c t i v i t y i n the s u p e r n a t a n t was determined i n the thymocyte cos t i m u l a t o r 
assay. 



TABLE 2 

Influence of TNF on the IL1 Activity Generated in Monocyte Cultures 

- _ IL1 ( t i t e r ) 
A d d i t i o n to the c u l t u r e s 3 

TNF/ml 0 IFN-Y LPS 

10 yg <4 <4 64 
1 yg a a 64 
0.1 yg a a 32 

10 ng a <4 64 
1 ng a <4 64 
0.1 ng <4 a 64 
0 . 0 3 ng a <4 64 
0 . 0 0 3 n g <4 <4 64 

none a a 64 

a IL1 a c t i v i t y i n supernatants of adherent human p e r i p h e r a l mononuclear leucocyte 
c u l t u r e s ( 3 x 1 0 5/ml) was determined i n the thymocyte c o s t i m u l a t o r assay a f t e r 24 
h. The c u l t u r e s contained the i n d i c a t e d amounts of TNF i n the presence or absence 
of e i t h e r IFN-Y (300 U/ml) or LPS from S.typh. ( 1 0 0 n g/ml). 

a t i o n process i n a s i m i l a r way as IFN-Y. T a b l e 4 shows t h a t t h i s was not the 
case. Preincubation f o r 24 h at 37°C of enriched monocytes l e d to nearly complete 
abrogation of IL1 production during a subsequent 24 h r s L P S - s t i m u l a t i o n p e r i o d 
(column B ) . P r e i n c u b a t i o n at 4°C had no such e f f e c t , i . e . l e f t IL1 i n d u c i b i l i t y 
i n t a c t . P r e i n c u b a t i o n at 37°C i n the presence of IFN-Y was a l s o able to s u s t a i n 
optimal IL1 i n d u c i b i l i t y . In c o n t r a s t , TNF 10yg -0.1ng/ml c o u l d not s u s t a i n IL1 
i n d u c i b i l i t y , nor did i t adversely a f f e c t IL1 production by responsive monocytes. 
Monocyte v i a b i l i t y was not i n f l u e n c e d by incubation at 37°C and there was no IL1 
i n h i b i t o r detectable i n supernatants of c u l t u r e d c e l l s (data not shown). 

DISCUSSION 

TNF i s a t y p i c a l mediator of endotoxin e f f e c t s (5,11). I t induces a number of 
symptoms seen i n animals with b a c t e r i a l i n f e c t i o n s or other metabolic d i s o r d e r s . 
The i d e n t i t y of TNF with c a c h e c t i n and the knowledge of c a c h e c t i n f u n c t i o n shed 
some l i g h t on the m o l e c u l a r mechanism of the m e t a b o l i c derangement seen i n 
c a c h e c t i c animals (15). Cachectin i s a mediator r e s p o n s i b l e f o r weight l o s s and 

TABLE 3 

IL1 Activity Generated in Different Culture Systems 

IL1 ( t i t e r ) 
c e l l s 3 LPS (ng/ml) 

100 1 0.1 0.01 0.001 0 

MNL 8 4 4 <4 <4 <4 
adherent c e l l s 32 16 16 4 <4 <4 
adherent c e l l s 
+ IFN-Y 32 32 16 16 8 <4 

a P e r i p h e r a l human mononuclear leucocytes (2x10 6/ml) c o n t a i n i n g 15% monocytes or 
the adherent c e l l f r a c t i o n (3x10 5/ml) c o n t a i n i n g 90^95% monocytes were c u l t u r e d 
w i t h or w i t h o u t human IFN-Y (300 U/ml) and the i n d i c a t e d amount of LPS from 
S. t y p h . Numbers g i v e n i n the T a b l e r e p r e s e n t t i t e r s of IL1 measured i n 24 hrs 
supernatants by the thymocyte co s t i m u l a t o r assay. 



TABLE M 

Influence of TNF preculture of human monocytes on the IL1 activity generated by LPS 

IL1 ( t i t e r ) 
A d d i t i o n to the a f t e r p r e c u l t u r e 

c u l t u r e s 3 A B C 
none 24h 37°C 24h 4°C 

TNF 10 ug/ml 256 4 256 
1 ug/ml 256 4 256 

100 ng/ml 256 4 256 
10 ng/ml 256 4 256 
1 ng/ml 256 4 256 

0.1 ng/ml 256 M 256 
Y-IFN 100 U/ml 256 256 256 

0 256 4 256 

a P e r i p h e r a l human adherent mononuclear leucocytes (3x10 5/ml) were c u l t u r e d with 
the i n d i c a t e d amount of TNF or human IFN-Y (100U/ ml). The c u l t u r e s were s t i m u ­
l a t e d with LPS from S.typh. (10ng/ml) e i t h e r immediately at the onset of c u l t u r e s 
( A ) , a f t e r 24h of p r e c u l t u r e at 37°C (B), or a f t e r 24h of p r e c u l t u r e at 4°C (C). 
IL1 a c t i v i t y was determined i n the supernatants 24h a f t e r LPS s t i m u l a t i o n i n the 
thymocyte co s t i m u l a t o r assay. 

w a s t i n g of the body's energy r e s e r v e s a p p a r e n t l y due t o reduced l i p o p r o t e i n 
l i p a s e production and f u n c t i o n (16). Passive immunization with a n t i b o d i e s t o TNF 
can s h i f t the LD50 of b a c t e r i a l endotoxin i n mice to higher doses of LPS, thus 
i n d i c a t i n g the involvement of TNF/cachectin i n the l e t h a l e f f e c t s of e n d o t o x i n 
( 1 7 ) . A l s o , the t y p i c a l p a t t e r n of plasma enzyme l e v e l s which i s seen a f t e r 
endotoxin a p p l i c a t i o n can be obtained with TNF i n j e c t i o n s (11). Since TNF i s not 
the o n l y m e d i a t o r r e l e a s e d i n an organism a f t e r endotoxin exposure i t i s impor­
tant to i n v e s t i g a t e whether a l l endotoxin e f f e c t s can be mediated by one s i n g l e 
m e d i a t o r l i k e TNF. A l t e r n a t i v e l y , s e v e r a l d i f f e r e n t mediators could be induced 
which together are r e s p o n s i b l e f o r the endotoxic r e a c t i o n or d i f f e r e n t m e d i a t o r s 
could be e l i c i t e d with i d e n t i c a l or s i m i l a r f u n c t i o n s . 

The h y p o t h e r m i c r e a c t i o n of mice a f t e r endotoxin a p p l i c a t i o n i s a t y p i c a l i n 
v i v o e f f e c t of LPS which can e a s i l y be measured. TNF i n j e c t i o n of mice a l s o 
induced hypothermia ( F i g . 1 ) . T h i s h y p o t h e r m i c r e a c t i o n was not the r e s u l t of 
c o n t a m i n a t i n g LPS i n the TNF preparation since the hypothermia was a l s o induced 
by TNF i n LPS low responder C3H/HeJ animals. Mediation of the f e v e r r e a c t i o n of 
LPS i n most species i s supposedly due to i n d u c t i o n of IL1-release i n macrophages 
(4). P u r i f i e d recombinant IL1 i s pyrogenic i n r a b b i t s and q u a l i f i e s as endogenous 
pyrogen (4). The same has been described f o r TNF (18). Because of the overlapping 
e f f e c t s of IL1 and TNF i t seemed important to us to determine whether these TNF 
e f f e c t s were d i r e c t e f f e c t s of TNF or whether they were mediated v i a the endo­
genous i n d u c t i o n of IL1 production. The o b s e r v a t i o n t h a t TNF d i d not i n t e r f e r e 
w i t h IL1 t e s t systems n e i t h e r on the l e v e l of IL2 production nor on the l e v e l of 
IL2 receptor i n d u c t i o n i n thymocytes made i t p o s s i b l e t o measure IL1 w i t h o u t 
having to remove TNF from the t e s t samples. 

We did not detect IL1 a c t i v i t y i n the serum of animals 1 h to 24 h a f t e r they 
had r e c e i v e d l a r g e amounts of TNF and showed a strong hypothermic r e a c t i o n . PEC 
c u l t u r e s from LPS responder mice stimulated with graded amounts of TNF produced 
low amounts of IL1 a c t i v i t y , e s p e c i a l l y when background l e v e l s of IL1 a c t i v i t y 
were already seen without s t i m u l a t i o n . These observations support the notion that 
TNF might induce a f a c t o r ( s ) which synergizes with IL1 i n the c o s t i m u l a t o r assay 
(19). But a l s o a b i o l o g i c a l l y i n a c t i v e , heat i n a c t i v a t e d TNF p r e p a r a t i o n was 
s t i l l a b l e t o induce the same IL1 response. IL1 production was not induced when 
c u l t u r e s c o n t a i n i n g p e r i t o n e a l macrophages of LPS-low responder C3H/HeJ mice were 
s t i m u l a t e d w i t h the same .amounts of TNF. A d d i t i o n of indomethacin to block 
p r o s t a g l a n d i n production that i s known to i n h i b i t IL1 p r o d u c t i o n d i d a l s o not 
lead to higher IL1 a c t i v i t y (data not shown). 



In c u l t u r e systems with human c e l l s no IL1 production was induced by TNF under 
a v a r i e t y of c u l t u r e c o n d i t i o n s . S p e c i a l c are was taken to use reagents i . e . 
f e t a l c a l f serum i n these systems which were tested p r e v i o u s l y to show t h a t they 
were f u n c t i o n a l l y LPS-free and did not induce any detectable background produc­
t i o n ( 9 ) . C u l t u r e s of enriched monocytes could not be induced "by TNF i n a wide 
dose range t o produce I L 1 . Such c u l t u r e s of e n r i c h e d monocytes respond with 
measurable IL1 production to as l i t t l e as 1pg LPS/ml, depending on the s e n s i t i v e 
t y of the i n d i v i d u a l donor (9). The s e n s i t i v i t y f o r LPS can be f u r t h e r increased 
by IFN-Y. S t i l l , even i n the presence of IFN-Y, TNF could not induce IL1 s e c r e ­
t i o n . On the o t h e r hand, TNF d i d not induce any IL1 i n h i b i t o r , as w e l l , nor did 
i t i n t e r f e r e with LPS-induced IL1 production i n any sense. 

Although u n p u r i f i e d mononuclear c e l l s are u s u a l l y l e s s e f f e c t i v e i n generating 
IL1 than equal amounts of p u r i f i e d monocytes, i t could not be e x c l u d e d t h a t TNF 
might s t i m u l a t e IL1 s e c r e t i o n i n d i r e c t l y by a c t i n g on lymphocytes. The lympho­
cytes might secrete an IL-1 inducing a c t i v i t y i n response to TNF. This p o s s i b i l i ^ -
t y can, however, be dismissed, since u n p u r i f i e d mononuclear c e l l s were a l s o not 
induced by TNF to produce IL1. 

IFN-Y i s known to s u s t a i n the IL1 - indue i b i l i t y by LPS i n monocyte c u l t u r e s 
a f t e r p r e c u l t u r e at 37°C TNF had no comparable e f f e c t on modulation of IL1 
s e c r e t i o n . Thus, under a v a r i e t y of s t i m u l a t i o n p r o t o c o l s TNF d i d n e i t h e r 
enhance nor reduce the IL1 a c t i v i t y generated by monocytes w i t h i n 24 h. 

A l l our experimental evidence points to a d i r e c t IL1 ̂ -independent a c t i v i t y of 
TNF when a p p l i e d i n v i v o . Our o b s e r v a t i o n s , t h e r e f o r e , s u p p o r t the data of 
D i n a r e l l o et a l . who showed a d i r e c t p y r o g e n i c e f f e c t of TNF i n r a b b i t s ( 1 8 ) . 
D i f f e r e n t f i n d i n g s have been r e p o r t e d t o the question whether TNF induces IL1 
production i n monocyte/macrophage c u l t u r e s (19,20,21). The d i f f e r e n t r e s u l t s by 
Hoffmann (19) can be explained by the f a c t that i n these s t u d i e s c e l l - a s s o c i a t e d 
IL1 a c t i v i t y and not released IL1 was measured. 

The a c t i v a t i o n of murine thymocytes f o r IL2 production and p r o l i f e r a t i o n seems 
to be the s p e c i f i c a c t i o n of IL1 and not shared by TNF i n s p i t e of the wide 
overlap of the b i o l o g i c a l a c t i v i t i e s of the two macrophage products. According to 
the presented data TNF does not induce s t i m u l a t i o n f o r IL1 s e c r e t i o n by mono^ 
cy tes/macrophages. T h e r e f o r e , the e f f e c t s seen a f t e r endotoxin a p p l i c a t i o n i n 
v i v o seem to be the sum and the d i r e c t c o l l a b o r a t i v e a c t i o n of s e v e r a l mediators 
l i k e TNF and IL1 . These mediators are most l i k e l y i n duced at the same time and 
not s e q u e n t i a l l y by each other. 

REFERENCES 

1. C a r s w e l l , E.A., Old, L . J . , K a s s e l , R.L., Green, S., F i o r e , N., W i l l i a m s o n , B. 
Proc. N a t l . Acad. S e i . U.S.A. 72, 3666 (1975). 

2. Männel, D.N., Moore, R.N., Mergenhagen, S.E. I n f e c t . Immun. 30, 523 (1980). 

3. P e n n i c a , D., Nedwin, G.E., H a y f l i c k , J.S., Seeburg, P.H., Derynck, R., 
P a l l a d i n o , M.A., Kohr, W.J., A g g a r w a l , B.B., Goeddel, D.V. Nature 312, 724 
(1984). 

4. D i n a r e l l o , C.A. Rev. I n f e c t . Dis. 6, 51 (1984). 

5. B e u t l e r , B., Cerami, A. Nature 320, 584 (1986). 

6. Prashker, D., Wardlaw, A.C. Br. J . Exp. Path. 52, 36 (1971). 

7. F a l k , W., Krammer, P.H., Männel, D.N. J . Immunol. Methods 99, 47 (1987). 

8. Galanos, C , Lüderitz, 0., Westphal, 0. J . Biochem. 9, 246 (1969). 

9. Northoff, H., K a b e l i t z , D., Galanos, C. Immunol. Today 7, 126 (1986). 

10. Boyum, A. Scand. J . C l i n . Lab. Invest. Suppl. 21, 77 (1968). 



11. Bauss, F., Dröge, W., Männel, D.N. I n f e c t . Immun, i n press. 

12. Marmenout, A. , F r a n s e n , L. , T a v e r n i e r , J . , Van der Heyden, J . , T i z a r d , R. , 
Kawashima, E., Shaw, A., Johnson, M.^-J., Semon, D., Müller, R. , R u y s s c h a e r t , 
M.-R., Van V l i e t , A., F i e r s , W. Eur. J . Biochem. 152, 515 (1985). 

13. Newton, R.C. Immunology 56, 441 (1985). 

14. Lee, S.H.S., E p s t e i n , L.B. C e l l . Immunol. 50, 177 (1980). 

15. B e u t l e r , B., Greenwald, D., Hulmes, J.D., Chang, M., Pan, Y.-^C.E., M a t h i s o n , 
J . , U l e v i t c h , R., Cerami, A. Nature 316, 552 (1985). 

16. T o r t i , F.M., Dieckmann, B. , B e u t l e r , B., Cerami, A., R i n g o l d , G.M. S c i e n c e 
229, 867 (1985). 

17. B e u t l e r , B., M i l s a r k , I.W., Cerami, A.C. Science 229, 869 (1985). 

18. D i n a r e l l o , C.A., Cannon, J.G., W o l f f , S.M., Bernheim, H.A., B e u t l e r , B., 
Cerami, A., F i g a r i , I.S., P a l l a d i n o , M.A. , O'Connor, J.V. J . Exp. Med. 163, 
1433 (1986). 

19. Hoffmann, M.K. Lymphokine Res. 5, 255 (1986). 

20. Bachwich, P.R., Chensue, S.W., L a r r i c k , J.W., Kunkel, S.L. Biochem. B i o p h y s . 
Res. Commun. 136, 94 (1986). 

21. P h i l i p , R., E p s t e i n , L.B. Nature 323, 86 (1986). 

Address r e p r i n t requests t o : 

D.N. Manne1 
I n s t i t u t e of Immunology and Genetics 
German Cancer Research Center 
D-6900 Heidelberg 
F.R.G. 


